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mation,  containing  no  mark  by  which  they  may  be  referred  to  the 
one  of  these,  more  than  to  the  other.  Such  a  work  would  con- 
tribute very  materially  to  illustrate  the  Natural  History  of  the 
Earth. 
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PREFACE. 


The  circumstance  of  a  work  like  the  present  proceeding 
from  a  Professor  of  Chemistry  seems  to  call  for  some  ex- 
planation; for  notwithstanding  the  near  connection  that 
subsists  between  the  latter  Science  and  every  Department 
of  Geological  inquiry,  yet  it  must  be  confessed,  that  the 
Study  of  Yolcanos  embraces  in  itself  a  field  of  such  extent, 
that  it  ought  to  be  entered  upon  as  a  principal,  rather  than 
as  a  subordinate  occupation. 

It  is  fair  therefore  to  myself  to  mention,  that  the  subject 
was  first  taken  up  at  a  time,  when  there  appeared  a  reason* 
able  prospect  of  my  obtaining  an  appointment,  which  would 
have  entailed  the  necessity  of  a  five  years  absence  from  my 
native  country. 

The  appointment  in  question  1  indeed  ultimately  lost, 
owing,  as  it  was  understood,  to  certain  doubts  that  had 
been  started  with  regard  to  my  eligibility  as  a  Candidate; 
but,  as  I  had  already  formed  the  plan,  and  in  some  d^ee 
advanced  in  the  details  of  the  enquiry,  I  continued  to  pro* 
secute  it  at  intervals,  not  only  for  several  years  afler  my 
hopes  of  the  situation  alluded  to  had  beeu  frustrated,  but 
even  at  a  time  when  the  ofiice  I  afterwards  obtained  in  the 
University  of  Oxford  might  have  rendered  a  somewhat  dif<^ 
ferent  line  of  pursuits  more  appropriate. 
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I  have  been  obliged  however  in  consquence  to  curtail  in 
a  considerable  degree  the  scheme  I  had  formed,  which  com- 
prehended originally  an  examination  of  the  Volcanos  in  the 
New,  as  well  as  of  those  in  the  Old  World ;  and  am  under 
the  necessity  of  now  bringing  forwards  as  a  compilation, 
many  parts  of  the  work  in  which  I  had  intended  to  intro* 
duce  nothing  but  original  n^ter. 

It  is  satisfactory  for  me  however  to  reflect,  that  I  have 
insttedmost  of  the  principal  localities  in  Europe,  noticed  in 
toy  two  first  Lectures  as  the  seats  of  volcanic  action,  so  that 
with  respect  to  them,  even  where  facts  are  stated  which 
did  not  fall  within  the  compass  of  my  own  observation,  I 
liave  been  able  to  ascertain  by  going  6ver  the  same  ground, 
what  degree  of  credit  is  due  to  the  individuals  on  whose 
authority  they  are  given. 

In  treating  of  the  other  Quarters  of  the  Globe  in  which 
Volcanos  occur,  I  have  spared  no  pains  in  availing  myself, 
to  the  best  of  my  ability,  of  those  resources,  which  a  prox- 
imity to  extensive  public  libraries  has  placed  at  my  dis- 
posal, and  therefore  hope  that  this  part  of  the  work  at  least 
may  be  of  use  to  future  travellers ;  not  merely  by  putting 
before  them  what  is  already  ascertained,  but  likewise  by 
directing  their  attention  to  those  points  which  still  require 
investigation. 

I  venture  therefore  to  oflFer  these  Lectures  as  supplying  in 
some  degree,  even  in  their  imperfect  state,  a  deficiency  long 
felt  in  the  geological  literature  of  Great  Britain ;  no  treatise 
en  the  subject  of  Volcanos  having  appeared  in  this  language 
since  that  of  the  Abb6  Ordinaire,  except  indeed  the  recent 
publication  of  Mr.  Poulett  Scrope,  which,  though  containing 
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many  ingenious  views  on  the  theoretical  parts  of  the  sub- 
ject, is  not  calculated  to  supersede  the  demand  for  another 
work,  expressly  designed  to  convey  a  detailed  statement  of 
facts,  with  regard  to  the  characters  and  situation  of  the 
rocks  which  owe  their  origin  to  subterraneous  fire. 

I  have  only  further  to  add,  that  the  remarks,  made  at  the 
commencement  of  the  First  Lecture,  with  respect  to  the  little 
attention  that  has  been  paid  in  Great  Britain  to  the  Depart- 
ment of  Geology,  which  forms  the  subject  of  this  work, 
must  be  understood  as  applying  solely  to  that  portion  of  it, 
which  relates  to  Products  confessedly  Volcanic;  for  in  no 
country  has  more  important  light  been  thrown  on  the  nature 
of  Trap  and  Basaltic  Districts,  than  by  the  labours  of  Dr. 
MaccuUoch  and  of  other  English  Geologists;*  to  some  of 
whom  I  feel  personally  indebted,  either  for  much  of  the 
information  which  forms  the  ground  work  of  such  an  en- 
quiry, or  for  the  friendly  assistance  afforded  me  in  the  pro- 
secution of  it. 


•  Sec  particularly  the  Memoir  on  the  Coast  of  Antrim,  by  my  friends  the 
Rev.  W.  Buckland  and  W.  Conybeare,  in  the  Third  Volume  of  the  Geological 
Transactions,  Supplementary  to  Dr.  Berger^s  paper  on  the  same  district. 
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LECTURES  ON  VOLCANOS. 


LECTURE  I. 
I  THE  VOLCANOS  OF  FRANCE  AND  GERMANY. 


•oductory  remarks. —  Volcanos  when  to  be  considered 
active — when  extinct — Characters  hy  which  the  latter 
may  he  known — Classification  of  Volcanic  products  oc- 
cording  to  their  Mineralogical  constitution. 

Extinct  Volcanos  of  France — In  Auvergne  two  classes— 
Post-diluvial  and  Ante^diluvial — the  former  class  con' 
fidered — their  antiquity. — Problematical  Rock  of  the 
*uy  de  Dome,  8(c. — Mode  of  its  formation  discussed.— 
xond  Class  of  Volcanic  Kocks — 1*(,  near  Clermont^ 
where  they  consist  of  Tuffs  alternating  with  Freshwater 
Limestones. — 2rf,  at  the  Mont  Dor — its  Basaltic  and 
Trachylic  Formation  considered — 3d,  in  Cantata— Vol- 
canic Rocks  of  the  Pay  en  Velay — of  the  Vivarais — 
their  age. —  Volcanic  Rocks  in  other  parts  of  France 
brief y  considered. 

Volcanic  Rocks  of  Germany — those  near  the  Rhine — ist 
class.  Post-diluvial. —  Volcanos  of  the  Eyfel— Crater  of 
Ijoack — Jjava  of  Niedermennig,  Gerolstein,  Mosenburg, 
Bertrich. — Trass  of  the  Rhine  considered — Whether  the 
Post-diluxial  Volcanos  were  in  action  since  the  existence 
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of  Historical  Records.— Sd  Class,  Ante-diluvial  con- 
sidered.— 0/ the  Siebengebirge — Of  the   Westerwald — 
Of  the  Vogelsgebirge — Basalts  near  Eisenach,  Budin- 
I  gen,  Hanau,  Frankfort. —  Volcanic  Rocks  of  the  Brisgau, 
I  near  Constance  and  in  Wirtemburg,  in  Silesia,  Bohemia, 
.  Moravia,  ^c,  briefly  considered. 


It  lias  often  been  a  subject  of  dispute  amongst  Geolo- 
gists, whether  the  processes,  to  which  the  earth  is  supposed 
to  owe  its  actual  conditioiij  were  the  same  with  any  that  are 
taking  place  at  present,  diflering  only  in  magnitude,  extent, 
and  duration ;  or  whether  they  must  be  explained  by  as- 
suming a  totally  distinct  system  of  causes,  which,  since  the 
commencemeitt  of  the  present  order  of  things,  have  ceased 
to  exist. 

The  latter  is  the  opinion  expressed  by  Dr.  Kidd  in  the 
tlose  of  his  Geological  Es!>ay ;  and  it  is  favoured  more  par- 
ticularly by  the  appearances  presented  by  the  rolled  masses 
met  with  eveiy  where  at  the  bottom  of  vallies,  which  are 
now  attributed  by  almost  universal  consent,  to  a  body  of 
water  difiering  both  in  iu  cause  and  mode  of  action  from 
our  present  rivers. 

But  this  remark,  howeTer  applicable  it  may  be  to  the 
other  forces  that  are  now  in  operation,  does  not  seem  to 
extend  either  to  earthquakes  or  volcanos,  from  both  which 
agents  effects  have  resulted  even  within  the  narrow  liuiita  of 
our  own  observation,  which,  although  inferior  in  point  of 
magnitnde  to  some  of  those  produced  at  former  periods, 
seera  nevertheless  analogous  in  kind.  It  is  therefore  rather 
remarkable,  that  the  progress  of  other  departments  of  geo- 
logy in  this  country  should  have  tended  so  little  to  advance 
our  knowledge  of  these  particular  subjects,  and  that  tbe 
inquiries  instituted  with  regard  to  the  changes  which  the 
earth  has  undergone,  should  not  have  produced  more  fre- 
quently an  appeal  {to  a  class  oi  phsenomcna  so  capable  of 
illnstraling  them. 
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FThis  is  the  more  surprising  when  we  consider  thftt  until 

tely  the  very  questions  that  engrossed  a  more  than  ordi- 
nary share  of  attention,  were  precisely  those  which  bore  the 
nearest  relation  to  the  phenomena  of  volcanos ;  such,  for 
inatance,  as  the  discussions  relative  to  the  origin  of  rocks  of 
the  trap  fiiroily. 

It  is  true  that  the  resemblance  existing  between  the  pro- 
ducts of  actual  volcanos,  and  the  last  mentioned  class  of 
formations,  was  often  urged  in  proof  of  the  general  opera- 
tion of  heat ;  but  the  discussions  to  which  this  hypothesis 
gave  rise,  do  not  appear  to  have  occasioned  the  same  minute 
inquiry  into  ttie  structure  of  volcanic  districts,  which  they 
were  the  principal  means  of  exciting  with  regard  to  whin- 
stone  and  basalt. 

This  neglect  may  perhaps  be  ascribed  in  the  first  instance 
to  the  circumstances  of  the  times,  which  were  such  during 
the  period  at  which  these  questions  were  most  warmly  agi- 
tated, as  rendered  the  parts  of  Europe  wherein  active  vol- 
canos occur  but  little  accessible ;  and  at  a  later  period 
perhaps  the  same  effect  may  have  been  produced  by  the 
preponderance  of  the  arguments  in  favour  of  the  igneous 
theory,  which  might  seem  to  render  it  superfluous  to  hunt 
for  proofs  in  distant  countries,  while  (acts  were  every  day 
accumulating  from  sources  nearer  home. 

Those  however  who  have  been  withheld  by  the  latter 
consideration  from  attending  to  these  ])hKnomena,  ought  to 
recollect,  that  it  cannot  be  reckoned  sufficient  to  have  esta- 
blished the  bare  position  that  trap  rocks  are  produced  by 
heat,  since  many  subordinate  inquiries  still  remain  with 
r^ard  to  the  particular  structure  and  relations  of  these  rocks, 
which  call  for  a  more  minute  examination,  and  render  an 
appeal  to  the  phenomena  of  existing  volcanos  still  of  im- 
portance. 

Nor  will  it  be  viewed  as  an  nnprofitable  undertaking,  if 
we  are  able  to  shew  by  an  extensive  induction  of  parti- 
culars, that  the  diflerences  between  the  products  of  antient 
and  modern  volcanos  in  all  these  respects  are  such,  as  we 
A  3 
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might  deduce  k  priori  from  considering  the  condition  of 
ihe  earth's  surface  at  the  several  periods  at  whicli  they  were 
in  action. 

I  recollect  so  long  ago  as  the  year  1816,  when  1  was  pur- 
suing  niy  studies  at  Edinburgh,  being  led  by  something 
like  this  train  of  thought,  to  meditate  the  excui'siona  that  I 
have  since  accompHshedj  in  the  hope  of  supplying  in  some 
measure  this  gap  in  our  geological  knowledge.  It  is  true, 
that  at  the  time  I  made  this  resolution,  I  was  far  from  view- 
ing the  question  as  I  do  at  present,  or  from  being  persuaded, 
as  I  now  am,  that  volcanic  and  trap  rocks  are,  for  the  most 
part  at  least,  analogous  formations,  calculated  mutually  to 
reflect  light  upon  each  other;  on  the  contrary,  I  was  then 
rather  a  convert  to  the  views  of  Professor  Jameson,  whose 
opinions  on  all  subjects  connected  with  geology,  were  re- 
ceived among  his  "pupils  with  that  respect,  to  which  his 
acknowledged  accuracy  and  extent  of  practical  information, 
justly  entitled  them. 

Still,  with  all  my  deference  for  the  Professor's  judgment, 
1  never  rose  from  the  enquiry  without  a  conviction  that 
something  was  yet  wanting  to  compleat  the  chain  of  his 
proofs,  and  that  in  order  to  determine  whether  trap  rocks 
were  really  of  igneous  origin  or  not,  the  most  effectual  me- 
thod would  be  to  compare  them  in  all  their  details  with 
products  universally  acknowledged  to  be  volcanic. 

I  felt  that  for  this  puipose  a  mere  examination  of  haxA 
specimens  was  not  sufficientj  the  very  spots  themselves 
should  be  Tisite<t,  and  the  circumstances  of  geological 
position,  as  well  as  the  nature  of  the  rocks  associated,  care- 
fully  compared  with  what  we  see  in  the  trap  districts,  whicl^ 
have  excited  so  much  attention  and  dispute. 

I  could  not  help  wondering  that  this  inquiry,  intimately 
connected  as  it  is  with  the  basaltic  question,  should  never 
have  been  taken  up  by  any  of  the  zealous  supporters  of 
either  system,  that  the  volcanos  of  Auvergne  for  instance, 
should  be  known  to  us  chiefly  through  a  French  work  of 
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rather  rh  old  date,*  or  a  shorl  German  tract  of  Von 
Buch'Sjt  and  tlmt  of  the  reputed  volcanoa  of  Hungary,  we 
should  possess  absolutely  no  authentic  account,  since  one 
author  represented  the  whole  country  as  of  aqueous  origin,^ 
whilst  another  described  the  very  craters  from  whence  the 

a  was  ejected,  jl 

1)  Our  information  with  regard  to  the  volcanic  rocks  of  the 
^centin,  of  Sicily,  and  even  of  the  country  round  Naples, 
s  at  that  time  still  more  imperfect,  and  although  I  am  far 
n  wishing  to  conceal  that  since  the  period  to  which  I 
IHude,^  many  additions  have  been  made  tu  our  knowledge 
of  these  and  other  volcanic  districts,  yet  I  believe  it  must  b? 
at  the  same  time  admitted,  that  even  up  to  the  present  date 
-the  information  communicated,  at  least  in  the  English  lan- 
•  igtiage,  has  been  too  scanty  to  enable  us  to  determine  the 
axion  of  these  rocks  to  tlie  trap  formations  of  this  and 
r  parts  of  f^urope;  whilst  in  elucidating  the  nature  of 
UBting  volcanos,  tlie  only  direct  fruit  of  the  Huttonian 


I**  MonlloBier  «ur  les  Volcons  d'Auvergne,  1802. 

r-t  MineratogUche  Brlefe  alls  Auvf  rgne,  in  the  Sd  volume  of  hU  Geognos- 

~ie  BeobnchlungeD,  Berlin.  1809. 
IV^  EHiDBrck  Karze  Beacreibung  Einer  Seise  (lurch  Ungarn.  ITQ9. 
U)}  Flehlel  MiDerD.logi«:be  Beinerkungeii  von  den  Karpathen,  Wies,  IT91, 
b'S  l»1ludi!lolhowiiHerori8l6— IT,  whicli  [  ipent  at  EdinburKli.  In  1SI9 
uvergne,  and  published  n.  short  account  o{  my  obhifrvatJotifl  in 
[ournal,  vol.  3  and  4.  In  the  mme  year  the  Krst  notice  of 
tudant's  reiearcheB  in  Huni^ary  appearad  in  Daobuisson'a  Trsile  de  Ger^- 
Tbtty  were  three  years  aflerwards  more  fully  detailed  in  his  o«n 
(ark.  Groin  wbich  I  have  drawn  a  great  part  of  my  account  of  (he  (iruclure  of 
o  roclu  ol  that  country.  In  \BSO  Profeaaor  Buckland  esatnined  the 
^nd  satisfied  himaelfwilb  retpect  ij>  ihe  analogy  vhii'h  the  strata  in 
Ty  seen  altemaling  with  volcanic  products  bear  to  the  beds  above 
1  chalk  in  England.  He  also  viaited  Auvorgnn  and  part  of  Hungary.  Mr. 
kewall  likewiie  haa  noticed  Auvergne  in  his  «  Travel)  in  the  Tareutaiac, 
I,  I&eS."  The  foreign  contributions  to  the  knowledge  of  volcanos  will 
m  by  reference  to  my  general  list  of  works  on  Ihe  tiubject,  It  ia  to  be 
TBttod  ihat  Ihe  death  of  Professor  Playfair  so  soon  after  his  return  from 
Italy  «ho«Idli»ve  prevented  the  (lublic  from  being  beneliiad  by  hisrewKKbea 
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controversy  was  the  work  of  Sir  G.  Mackenzie  on  the  rotkg 
of  Iceland. 

I  have  therefore  been  since  induced  to  devote  such  a 
portion  of  my  time  as  could  be  spared  from  other  occu- 
pations, to  an  examination  of  various  volcanic  districts,  and 
aa  the  facts  collected  in  the  course  of  several  journiea  on  the 
Continent,  undertaken  chiefly  viitli  that  object,  however 
inadequate  they  may  be  to  supply  the  deficiency  complained 
of,  promise  at  least  to  contribute  something  to  the  existing 
mass  of  information,  1  propose  to  embody  them  in  the  fol- 
lowing sketch  of  the  general  structure  of  volcanos  in  v 
parts  of  the  world. 


The  most  obvious  and  practical  division  of  volcanos  ap- 
pears to  be  that  into  active  and  extinct,  the  former  class 
comprehending  those  which  at  any  period  since  the  existence 
of  authentic  records  have  been  in  a  state  of  eruption;  the 
latter  such,  as,  though  incontestably  of  the  same  natun^ 
have  never  been  remembered  to  exhibit  signs  of  activity. 

By  this  definition  we  exclude  from  the  immediate  con- 
sideration all  rocks,  which,  whether  of  igneous  origin  or  not, 
are  so  constituted  as  to  evince  that  they  have  been  formed 
in  a  manner  diflerent  from  those  of  existing  volcanos,  and 
confine  ourselves  to  such  as  consist  in  part  at  least  of  pro- 
ducts, whicli  not  only  are  known  to  result  from  fire,  but 
seem  never  to  have  occurred  without  its  intervention. 

Thus  independently  of  the  circumstances  connected  with 
the  figure  of  the  mountain,  the  direction  of  its  strata,  and 
the  existence  of  a  crater,  by  which  a  volcano  is  usually 
characterized,  there  are  certain  circumstances  in  the  aspect 
of  the  individual  masses  which  appear  to  afford  decided  in- 
dications of  a  similar  origin. 

When  for  instance  we  observe  a  mountain  constituted  of 
materials  possessing  even  in  part  a  vitreous  aspect  and  frac- 
ture, together  with  a  cellular  wtruciure,  especially  if  these 
cells  are  elongated  in  the  same  direction,  if  they  are  in 
general  unoccupied  by  crystalline  matter,  and  have  n  glaied 


intemal  appearance,  we  need  not  Hesilat^  in  prooOuiicing 
the  whole  mass  as  volcanic,  although  all  ye^tige^  of  a  ^srater 
may  be  lost,  ftnd  the  form  possess  no  analogy  to  thal>  which 
belongs  in  general  to  mountains  of  the  same  elase* 
.  Now  if  we  examine  the  rocks,  which,  from  their  pbSseHBr 
ing  the  above  mechanical  structure,  and  from  other  circ^mv 
stances,  we  are  led  to  consider  as  incontestably  volcanic,  it 
will  be  found,  wherever  their  mineralogical  characters  are  not 
wholly  obliterated,  that  they  appear  to  belong  to  one  of  two 
substances  distinguished  by  the  nature  of  the  simple  mineral^ 
of  which  they  consist. 

The  Ist,  which,  from  the  harsh  and  earthy  feel  it  ofl^ 
possesses,  has  been  denominated  trachyte,  is  essentially  com« 
posed  of  crystals  of  glassy  felspar,  often  cracked,  which  are 
imbedded  in  a  basis  generally  considered  as  being  itself  a 
modification  of  compact  felspar.  To  this  are  sometinies 
superadded  crystals  of  hornblende,  mica,  iron  pyrites^ 
frpecular  iron,  and  more  rarely  augite,  and  magnetic  or 
titaniferous  iron  ore. 

*  The  Sd  substance  resulting  from  volcanic  operations^ 
appears  to  be  some  modification  of  basalt,  consisting  essenr 
tially  of  augite,  felspar,  and  titaniferous,  or  magnetic  iron 
ore,  generally  accompanied  with  olivine,  and  occasionally 
with  hornblende.  In  many  cases  indeed  the  ingredients 
•  are  too  intimately  mixed  to  allow  of  our  ascertaining  their 
nature,  except  perhaps  by  the  ingenious  mechanical  method 
of  Monsieur  Cordier;^  but  it  is  always  easy  to  distin^ish 
this  kiq4  of  volcanic  product  from  trachyte^  which  even 
when  it  has  the- colour  of  basalt,  melts  before  the  blowpipe 
into  a  white  enamel,  whilst  the  latter  retains  its  original 
colour  after  being  fused, 

.  As  the  only  essential  ingredient  therefore  of  trachyte 
appears  to  be  felspar,  whereas  basalt  always  contains  augite, 
I  shall,  in.  speaking  of  volcanic  products^  use  the  liberty  of 

•  ■> 

£.'  f  Sfiit  Cordier  but  leg  sub8^&ces  Miaerales  ditea  en  Masse.  Jowrn.  de  Phy^^ 
•Vol.  8»^-83.         '  •  *  ' 
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employing  occasionally  the  term  fehpathic  lava  as  synony- 
mous (o  the  former,  and  that  of  augitic  lava  to  the  latter. 

In  order  however  not  to  prejudge  the  question  with 
reference  to  trap  rocks,  I  intend  to  confine  myself  to  the 
consideration  of  such  trachytes,  and  such  basalts,  as  possess, 
at  least  in  part,  that  mechanical  structure  which  I  have 
laid  down  as  characteristic  of  indisputable  lavas ;  and 
hence,  as  it  will  appear  in  the  sequel,  my  attention  will  be 
limited  to  those  formations  which  were  produced  at  a  com- 
paratively recent  epoch  in  the  history  of  our  planet. 

Whatever  conclusions  indeed  we  may  be  disposed  to 
draw  with  respect  to  the  origin  of  certain  of  the  older  rocks, 
as  for  instance  of  the  basalts  and  porphyries  of  the  county 
of  Antrim,  it  is  clear  that  they  ought  to  be  distinguished 
from  those  forming  the  subject  matter  of  these  Lectures, 
which,  from  their  close  resemblance  to  the  products  of 
existing  volcanos,  are  at  once  recognized  as  analogous 
formations ;  since  the  nature  of  the  inference  in  these  two 
cases  differs  not  in  degree,  but  in  kind,  the  one  being  a 
deduction  of  reason — the  other  an  immediate  result  of  ob- 
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The  volcanic  country  to  which  my  attention  was  originally 
directed,  in  the  hope  of  obtaining  some  additional  insight 
into  the  nature  and  origin  of  basalt,  was  that  which  occu- 
pies a  considerable  tract  in  the  centre  of  France,  known 
under  the  general  term  of  Auvergne.  This,  and  some  othet 
parts  of  the  same  country,  also  of  a  volcanic  nature,  were 
visited  by  me  in  the  year  1819,  and  the  result  of  my  obser- 
vations was  in  part  inserted  in  the  Edinburgh  Journal  of 
Science  for  the  ensuing  year.  In  the  course  of  the  summer 
of  1833,  I  also  spent  a  few  days  in  the  same  country,  and 
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leared  up  two  or  three  pointa  which  in  my  former  visit  I 
i  left  undecided, 
in  my  letters  to  Professor  Jameson  above  referred  to, 
I  distinguished  these  rocks  into  two  classes,  the  one  formed 
|e/bre,  the  latter  since  the  yalliea  were  excavated :  and  in 
■der  to  keep  constantly  in  view  this  important  difierence, 
roposed  to  apply  the  term  post-diluvial  to  the  onej  and 
tHte-diluvial  to  the  other.  The  adoption  of  such  a  nomen- 
l&ture  must  not  be  supposed  to  imply  tlie  expression  of  any 
ipinion  on  my  part  with  respect  to  the  much  agitated  quea- 
n  as  to  the  identity  of  the  particular  deluge  recorded  in 
I  Mosaic  history,  with  the  cause  to  which  the  exca- 
Rtions  of  the  vallies  and  the  formation  of  beds  of  gravel 
e  to  be  referred,*  All  that  is  intended  to  be  conveyed  is  a 
ttttement  as  to  the  relative  antiquity  of  the  rocks  referred 
^  these  respective  classes ;  and  the  terms  anie-dilunial  and 
nt-diluvial  seem  preferable  to  ancient  and  modern^  be- 
Uise  the  latter  imply  only  theii"  relation  to  each  other; 
)  former  also  their  connection  to  the  rocks  with  whicli 

e  associated. 

Now  the  post-diluvial  volcanic  products  in  Auvergne  are 
distinguished,  as  we  shall  see,  from  the  remaining  class  in 
their  external  charactei's,  as  well  as  their  position.  They 
are  more  cellular,  have  in  general  a  harsher  feel,  and  more 
of  a  vitreous  aspect,  their  surface  presenting  a  series  of 
minute  elevations  and  depressions,  and  the  scanty  portion 
of  soil  which  covers  them  affording  but  little  pasturage,"and 
that  generally  of  the  worst  description. 

The  mountains  referred  to  this  division  constitute  a  chain 
which  rises  considerably  above  the  elevated  granitic  plat- 
form on  wbieh  they  rest,  and  extend  at  intervals  over  a 
space  of  above  eight  leagues  from  north  to  south ;  from 
whence  the  rocks  which  compose  them  may  be  oflen  traced 
a  considerable  way   into  the  valleys  contiguous.     Above 


^*  See  Ihe  note  on  Uial  Niib|r^cl  Bltached  to  my  paper  entitled  "  Sketcli  of  III 
jgV  of  Sicily."     EdinlMirfili  J'liilM.  Journal  fat  Otlober  1885  mi/nt 
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sixty  of  these  eminencieB  might,  I  believe,  be  enumerated 
within  the  boundary  marked  out ;  but  aa  lUeir  number  ren- 
ders selection  necessary,  1  shall  eimply  notice  bucU  as  are 
most  remarkable,  beginning  with  that  of  Volvic  near  Riom, 
the  lava  of  which  furnishes  a  considerable  part  of  the  build- 
ing-atone ueed  in  that  neighbourhood,  and  in  spite  of  its 
porous  character,  is  exceedingly  durable. 

The  fact  of  its  having  descended  in  a  liquid  form  from 
the  mountain  above,  and  that  at  a  period  Biibsequeni  to  any 
of  the  great  revolutions  wliich  have  changed  the  face  of  our 
planet,  is  demonstrated  by  the  exactness  with  which  the 
stream  has  modelled  its  course  to  the  Blo}>e  of  the  valley  [ 
and  that  its  fluidity  was  owing  to  heat,  is  evident  enough 
from  its  porous  texture  and  semi-vitreous  aspect ;  so  that  its 
connection  with  volcanos  now  in  activity  seems  sufficiently 
apparent.  On  the  summit  of  the  Puy  de  Nugere,  is  a  bason- 
shaped  cavity  of  an  oblong  foi-ra,  broken  away  on  the  side 
down  which  the  lava  has  taken  its  course,  and,  notwith- 
standing the  changes  which  time  has  efl'ected  in  its  form, 
still  retaining  marks  of  having  been  once  the  crater,  from 
whence  the  lava  of  Volvic  was  ejected. 

It  is  interesting  to  remark,  that  the  stream  in  its  descent 
appears  to  have  been  arrested  by  a  sort  of  knoll  of  granite, 
which '  probably  rose  considerably  above  the  general  level, 
and  by  the  obstacle  it  opposed  to  its  progress,  caused  it  to 
divide  into  two  branches,  between  which  this  litile  granitic 
eminence  is  seen  protruding,  a  solitary  vestige  of  the  rock 
which  formerly  existed  on  the  surface,  but  is  now  over- 
spread with  lava.  The  two  branches  of  the  main  stream 
appear  to  have  become  reunited  below;  and  having  de- 
scended the  slope  of  the  hill,  to  have  spread  themselves  over 
the  valley  of  Volvic,  extending  to  within  a  mile  of  the  tovm 
of  Riom, 

It  has  been  remarked  by  Von  Buch  that  the  lava  of  Volvic 
seems  chieliy  to  have  consisted  of  felspar,  and  to  have  re- 
sulted from  the  fusion  of  some  trachytic  rock;  and  it  is 
certain  that  it  is  of  a  lighter  colour  than  most  other  lavas, 
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mad.  does  not  contain  augite.     It  is  aleo  dietingulBhed  by 

exerting  no  action  upoa  the  needle,  containing  little  or  no 

magnetic  iron  ore ;  but  on  the  other  hand,  it  Is  qaite  full  of 

specular  iron,  which  occurs  in  the  crevices  of  the  rock,  as 

well    as    disseminated    through    ha    porous   structure    in 

minute  plates  of  a  bright  metallic  lustre.    This  mineral, 

whieh  is  a  conunon   product  of  volcanoa  now  in  activity, 

from  which  it  is  suppoged  to  have  been  sublimed,  is  met 

KHrith  in  various  other  parts  ofAurergne,  as  at  the  Puy  de 

^  Vache,  the  Puy  de  Dome,  and  among  the  trachytes  of 

lonnt  Dor. 

\  The  lava  of  the  Puy  de  Cdme,  a  mountain  a  few  miles  to 
e  south-west  of  Clermont,  is  described  by  M.  Montlozier, 
jbe  author  of  a  little  essay  on  the  Theory  of  the  Volcanos  of 
^vergne,  as  equally  interesting  with  that  of  Volvic.  The 
Via  that  has  flawed  from  the  hill  divides,  he  sayg,  into  two 
mches,  one  of  which  flows  directly  into  the  bed  of  the 
fser  Sloule,  whilst  the  other  takes  the  direction  of  a  place 
^lled  Tournebiae,  reaches  ihe  village  of  Mont  Gi baud,  and 
ruiinates  like  the  other,  by  flowing  into  the  bed  of  the 
ixer,  about  three  miles  lower  down. 

^  A  torrent  of  this  description  might  naturally  be  expected 
p  effect  singular  changes  in  the  face  of  the  country  which 
t  traverses.  Accordingly  we  shall  Bnd  that  it  has  blocked 
p  a  litde  valley  which  formerly  seems  to  have  had  a  drain- 
i  to  the  west,  on  the  side  of  Chamboia  and  Massanges, 
^d  has  converted  it  into  a  sort  of  swamp,  known  by  the 

me  of  the  Lac  de  C6me. 
J  Lower  down  the  same  lava  has  occasioned  still  greater 
g^lianges.  The  rivers  Sioiile  and  Monges  formerly  ran 
irallel,  in  a  direction  from  south  to  north,  and  entered 
e  plain  of  Mont  Gibaud  by  two  defiles  separated  by  the 
Intervention  of  two  hills.  But  one  branch  of  the  lava  of 
E  has  ao  obstructed  the  course  of  the  river  Monges,  that 
i  waters  have  been  turned  aside  to  the  left,  where  they 
pve  worked  themselves  a  passage  through  an  argillaceous 
ide  immense  excavations  in  it,  and  in  this  manner 
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have  reached  ihe  bed  of  ihe  river  Sioule,  a  league  and  a 
half  higher  up  than  they  would  naturally  have  done. 

Compelled  however  to  flow  in  a  direction  contrary  to 
the  slupe  of  the  country,  a  large  portion  of  the  waters  con> 
stantly  stagnates  in  its  channel,  and  has  formed  a  swamp 
wliicb  goes  by  the  name  of  the  "  Etang  de  Fung."* 
.  A  somewhat  similar  circumstance  has  happened  in  the 
case  of  the  lake  Aidat,  which  seems  to  have  been  originally 
formed  by  a  stream  of  lava  now  stretching  across  it.  In  this 
case,  however,  a  still  greater  impediment  existing  to  the 
escape  of  the  waters  by  any  other  outlet,  they  have  in  pro- 
cess of  time  succeeded  in  cutting  themselves  channels  through 
the  parapet  of  lava  thrown  across  them,  the  projecting  por- 
tions of  which  appear  like  islands  in  the  midst. 

The  stream  of  lava  that  has  occasioned  this  impediment 
appears  to  have  been  furnished  by  one  of  three  mountains, 
all  of  which  have  given  out  coulees  flowing  in  the  same 
direction,  and  therefore  intermixed  one  with  the  other. 
The  most  considerable  of  these  mountains  is  called  the 
Puy  de  la  Vache,  the  whole  of  which  is  composed  of  sco- 
riaceous  lava  very  different  from  that  of  Volvic,  as  it  con- 
tains much  iron  in  the  state  of  magnetic,  as  well  as  in 
that  of  specidar  iron  ore,  the  oxydalion  of  which  imparts  a 
general  redness  to  the  rock,  and  likewise  occasional  crystals 
of  augite  and  olivine.  There  would  seem  to  have  been 
formerly  a  crater  on  the  summit,  three  sides  of  which  are 
now  standing,  whilst  the  fourth  was  perhaps  broken  away 
by  the  stream  of  lava  which  descended  from  that  quarter. 
The  Coulee  is  easily  followed  with  the  eye  along  the  valley 
as  far  as  the  lake,  in  consequence  of  the  irregularities  of  lis 
surface,  and  the  ridge  which  it  forms  above  the  level  plain. 

The  most  perfect  crater,  however,  which  exists  in  Ati- 
vergne  is  that  of  the  Puy  Pariuu,  north  of  the  town  of 
Clermont.  It  is  perfectly  round,  and  according  to  M. 
Ramond,  more  than  230  feel  in  depth.  Its  structure  is 
simple  enough,  consisting  wholly  of  loose  masses  of  fila^^y 
.  *Thi>iB\ery  wclllKid  down  in  Desmsrevt'*  M«p  uf  Auvei|jHe.  Pniit  laSK 
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kva,   sufficiently  decomposed  to   allow  of  the  growth  of  ' 

nrf.    It  has  giyen  off  a  stream  of  lava  which  may  be  traced 

Ij^uthward  to  the  place  called  "  lea  Rarraquea,"  where  it 

tvides  into  two  braiichea,  descending  the  slope  of  the  gra- 

c  hills  between  thai  spot  and  Clermont. 

L,Of  the  modem  VolcanoB,  however,  in  this  neighbourhood, 

here  is   probably   none   more  interesting   than   the   Puy 

iBveneire.    This  mountain,  which  lies  within  two  miles  of 

lei'mont,  seems,  as  we  approach  its  summit,  to  consist  of 

I  entire  mass  of  cinders,  ao  that  we  may  in  some  degree 

bmprehend  the  origin  of  a  ludicrous  opinion  ascribed  to  a 

irofessor  of  the  Academy  of  Clermont,  when  the  volcanic 

lature  of  the  rocks  of  Auvergne  was  first  asserted,  and 

laintained  by  an  appeal  to  the  structure  of  this  particular 

Lountain,  who,  it  is  said,  accounted  for  the  scorite  found 

.its  surface,  by  gravely  remarking  that  he  had  heard  of 

fon-founderies   having   formerly  been  established  on  the 

lol,  Notwithstanding  such  strong  indications  of  Its  having 

sen  in  a  state  of  ignition  at  a  comparatively  recent  era,  no 

race  of  its  crater  can  be  delected,  nor  has  it  that  abrupt 

md  conical  form  characteristic  of  volcanic  hills,  being  rather 

\  long,  round-backed  eminence,  rising  abniplly  indeed  on 

wo  of  its  aides,  but  to  the  north  connected  with  the  chain 

F  the  Puy  de  D6me,  and  to  the  south  reaching  into  the 

|t1ain  of  Limagne.      In  spile  of  the   absence  of  a  crater, 

streams  of  lava  appear  to  have  pierced  tlie  sides  of 

diis  mountain,  and  to  have  descended  into  the  valley,  one 

ma  the  side  of  the  village  of  Royat,  the  other  on   that  of 

(  Puy  Montaudoux.     These  coulees  display  a  singular 

intermixture  of  compact  and  cellular  lava,  the  former  gene- 

pUy  occupying  the  centre,  and  surrounded  by  the  latter 

fariety,  but  without  any  marked  line  of  demarcation  be- 

1  the  two.     The  compact  rock  is  a  basalt,  remarkable 

fcr  its  large  distinct  crystals  of  augile  and  olivine,  and  its 

King  seen  in  connection  with  a  lava  of  so  cellular  and 

fitreous  an  aspect  affords,  in  common  with  the  facts  I  shall 

Idetail,  with  respect  to  the  German,  volcanos,  a  sufficient 
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proof,  that  pressure  ia  not  always  necessary  for  the  formation 
of  such  products. 

I  shall  not  stop  to  particularize  any  larger  number  of  the 
more  recent  class  of  Tolcanos,  &b  ihey  are  much  the  same  in 
their  characters  with  those  already  enumerated,  and  differ 
fery  little  from  such  as  are  at  present  in  activity  in  other 
parts  of  the  world.  Indeed  even  the  streams  of  lava  which 
they  have  given  out,  are  often  so  little  decomjiosed,  so  par- 
tially  covered  with  vegetation,  that  we  not  only  readily 
admit  their  post-diluvial  origin,  but  even  imagine  they  must 
have  been  formed  within  the  limits  of  authentic  history. 
The  records  nevertheless  of  their  eruption  are  no  where  to 
be  found,  and  the  evidence  we  are  in  quest  of  can  only,  U 
would  seem,  be  collected  from  the  volume  of  nature,  which 
in  this  instance  speaks  a  language  so  intelligible ;  for  with 
regard  to  the  popular  names  of  certain  of  the  mountains  and 
vallies,*  to  which  some  have  referred  as  indications  of  a 
remote  tradition,  it  seems  more  probable  that  they  were 
applied  to  the  places  they  designate,  in  consequence  of  the 
ideas  which  their  appearances  were  calculated  to  surest  to 
the  minds  of  their  first  inhabitants,  than  from  the  latter 
having  been  themselves  eye-vritnessea  of  the  events  which 
occasioned  tliem. 

The  high  antiquity  of  the  most  modern  of  these  volcanos 
is  indeed  sufficiently  obvious.  Had  any  of  them  been  in  a 
slate  of  activity  in  the  age  of  Julius  CEEsar,  that  genemi, 
who  encamped  upon  the  plains  of  Auvergne,  and  laid  siege 
to  its  principal  city,t  could  hardly  have  failed  to  notice 
them.  Had  there  been  even  any  record  of  their  existence 
in  the  time  of  Pliny  or  Sidonius  Apollinaris,  the  one  would 
scarcely  have  omitted  to  make  mention  of  it  in  his  Natural 
History,  nor  the  other  to  introduce  some  allusion  to  it 
among  his  descriptions  of  this  liis  native  province. 

and  peibeps  the  very  nHouof  the 
raqcea  th«t  mighl,  have  reminded 
lis  lint  Htilem  of  the  lake  Avtntvt  near  Kap!«s. 
Gefgovia,  near  Glernionl, 


•  Such  are  Monllrul,  VaUfa  d'Eofe 
province  may  be  derived  from  cerlai 
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The  case  is  even  Stronger,  wlieii  We  recollect  that  the 
poet's  residence  was  on  ihe  bordera  of  the  Lake  Aidat,  which 
owed  its  very  existence  to  one  of  the  most  modei'n  volcanos ; 
and  that  he  was  aware  of  the  nature  of  Euch  phsnomena, 
appears  from  a  letter  extant  of  his  addressed  to  the  Bishop 
ofVienne,*  in  which,  under  the  apprehension  of  an  attack 
from  the  Goths,  he  infoitns  him  that  he  is  going  to  enjoin 
puhUc  prayers,  similar  to  those  which  the  bishop  had  esta- 
blished, Bt  the  time  when  earthquakes  demolished  the  walls 
of  Vienne^  when  the  mountains  opened  and  vomited  forth 
torrents  of  injlamed  materials,  and  the  wild  beasts,  driven 
from  Ike  woods  bi/Jire  and  terror,  retired  into  the  townSy 
where  they  made  great  ravages. 
A  passage  of  this  kind,  though  i  t  may  be  brought  forward 
p  an  ai^tment  in  favour  of  the  modern  date  of  some  of  tlie 
dcaaoB  in  the  neighbouring  province  of  Vivarais,  afibrds  I 
^nk  strong  negative  evidence  of  the  antiquity  of  those  in 
iivergne,  and  disposes  us  to  assign  to  them  an  sera  as  re- 
s  is  consistent  with  the  fact  of  their  posteriority  to 
e  formation  of  the  vollies. 
yl,et  us  now  proceed  to  the  consideration  of  another  de- 
ription  of  rocks  found  in  the  tuune  neighbourhood,  the 
and  origin  of  which  appear  to  be  somewhat  more 
ioblematical,  and  less  in  harmony  with  (he  phenomena  of 
^canos  at  present  in  activity. 
LThe  department  of  which  Clermont  is  the  capital,  has 
pceived  its  name  from  a  mountain,  which  as  the  highest  in 
)  province,  and  occurring  in  some  degree  detached  from 
I  rest,  has   acquired  more  importance  than  it  might   in 
bher  situations  have  obtained,  altliough  indeed  its  height 
Ti  considerable,  exceeding  4000  feet.     The  Puy  de  Ddme, 
e  hill  to  which  I  allude,  is  of  a  conical  form,  and  remark* 
tgle  for  the  distinctness  of  its  outline,  rising  abruptly  from 
B  midst  o£  a  sort  of  amphitheatre  of  volcanic  rocks,  which 
licougiderably  overtops,  but  which  by  a  little  stretch  of  tha 


'  Sec  SidoD,  Apoll.  Lib.  7.  Episl.  I.  aj  MBmattuin. 
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imagination  might  be  supposed  to  have  constituted  the 
crater  from  whence  tJiis  great  central  mass  was  projected. 

However  this  may  be,  the  mineralogical  characters  of  the 
mountain  are  such,  as  differ  entirely  from  those  of  the  hills 
on  either  side  of  it.  The  Piiy  de  Dome  seems  to  con»st 
almost  entirely  of  a  rock  with  a  felspar  base,  allied  as  it 
would  seem  to  trachyte,  but  of  a  more  earthy  character, 
and  containing  more  rarely  crystals  of  glassy  felspar.  These 
however  do  occur  even  in  the  most  pulverulent  part  of  the 
rock,  and  are  common  in  the  more  compact  portions,  where 
indeed  the  resemblance  to  trachyte  is  often  so  perfect,  as  to 
leave  us  in  little  doubt  with  respect  to  the  real  nature  of 
the  rock  in  general.  The  term  Domite  therefore,  which 
was  originally  assigned  to  it  from  its  occurring  in  the  Puy 
de  DOme,  must  be  considered  as  expressive  merely  of  a 
variety  or  subspecies  of  trachyte,  marked  by  the  earthy 
character  of  its  basis,  and  by  its  whitish  or  greyish  colour. 
It  contains  numerous  plates  of  mica  disseminated,  as  well 
as  of  specular  iron,  which  also  forms  a  thin  superficial  (Moat- 
ing on  the  stone  between  its  crevices. 

It  also  contains  occasionally  quartz,  grains  of  which  are 
sometimes  so  disseminated  as  to  gjve  an  arenaceous  charac- 
ter to  the  rock. 

The  most  remarkable  circumstance  relating  to  this  sub- 
stance, is  that  it  is  confined  to  this  hill,  and  two  or  three 
in  its  immediate  vicinity  ;  which,  though  they  all  pi-esent 
some  modifications  of  aspect,  still  possess  sufficient  of  a 
common  character  to  be  referable  to  the  same  class. 

They  are  all  conical,  all  detached,  and  have  suiTOunding 
them  hills  of  a  volcanic  nature,  which  bear  not  the  slightest 
analogy  to  them  in  appearance,  I  shall  refer  to  M.  Mont- 
lozier,  and  the  other  writers  who  have  described  them,  for 
an  account  of  the  Grand  and  Petit  Cliersou  and  the  Sar- 
couy,  and  shall  confine  myself  to  some  remarks  on  the  Piiy 
Chopine,  the  most  extraordinary  certainly  for  the  assem- 
blage of  rocku  of  which  it  is  made  up. 
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\  This  mountain,  wliicli  is  situated  to  the  N.  W.  of  Cler- 
about  half  way  between  that  city  and  the  village  oF 
^ont  Gibaud,  has  long  puzzled  geologists,  from  the  singular 
IPnfusion  and  anomalous  structure  of  the  rocks  which  corn- 
Owing  indeed  to  the  quantity  of  debris  which 
rery  where  covers  its  sides,  where  not  concealed  by  vcge- 
tpn,  it  is  difficult  to  determine  with  precision  the  position 
ley  occupy,  or  the  relations  they  bear  to  each  other.  On 
itimbing  to  its  summit,  I  found,  in  situ,  a  rock  analogous 
I  domite,  unaltered  granite,  and  a  conglomerate  with  a 
ranitic  base,  rocks  which  seem  to  be  related  to  each  other. 
ipwer  down  I  observed  a  granular  hornblende  rock,  which 
jppeared  to  pass  into  the  granite ;  and  these  four  substances 
iske  up,  BO  far  as  my  observations  extend,  the  higher  por- 
s  of  the  mountain.  Lower  down,  we  have  lavas,  both 
pmpact  and  vesicular,  none  of  which,  so  far  as  I  observed, 
ipcupy  the  summit,  although  Mons.  Monilozier,  who  ex- 
Biined  the  spot  doubtless  with  more  attention,  says  he  saw 
Ipe  small  portion  extending  thus  high.  It  c^hould  be  re- 
mbered  that  the  Puy  Chopine,  even  more  distinctly  than 
^e  Puy  de  Dfime,  is  encircled  by  an  amphitheatre  of  hills, 
liich  are  comprehended  under  the  names  of  the  Puy  Chau- 
toont,  and  the  Montagne  des  Gouttes.  I  examined  these 
md  found  them  all  to  be  volcanic,  consisting  chiefly  of 
^ufi* containing  portions  of  scorife,  and  lavas  of  various  de- 

minaiiona,  all  cemented  together  by  an  ochreous  paste. 
|,  Such,  so  far  as  I  observed,  appears  to  be  the  constitution 
f  tlte  Puy  Chopine  ;  and  the  singular  assemblage  of  rocks 
tich  it  comprises,  whilst  it  serves  to  explain  its  own  for- 
tation,  may  perhaps  furnish  us  with  a  clue  to  the  theory 
f  the  Puy  de  Dome,  and  the  other  mountains  similarly  con- 
^tuted.  Encompassed  on  all  sides  by  volcanic  rocks,  and 
(earing  in  themselves  evidences  of  the  agency  of  fire,  the 
^eous  origin  of  these  latter  mountains  wilt  scarcely  be  dis- 
Ipted;  but  the  precise  manner  in  which  they  have  been  afiec- 
1  by  this  agent  still  admits  of  a.  question.  It  may  he  said, 
>T  instance,  either  that  the  rocks  now  consistJnfj  of  domiie 
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always  occupied  the  same  position,  but  hare  been  altered 
in  character  by  volcanic  agency;  or  it  may  be  supposed 
that  they  are  altogether  new  formations,  thrown  up  from  a 
great  depth  by  the  same  agent  to  which  they  owe  their 
mineralogital  characters.  Again  it  may  be  asked,  whether 
admitting  the  latter  view  of  the  case  to  be  the  correct  one. 
We  are  to  suppose  each  of  the  domite  hills  to  have  been 
ejected  separately,  or  to  have  formed  parts  of  otie  continu- 
ous stream  of  lava,  the  intervening  portions  of  which  haye 
since  been  swept  away. 

With  regarit  to  the  first  hypothesis  which  assumes  an 
alteration  of  character  to  have  taken  place  in  this  substance, 
without  any  change  of  position,  it  is  sufficient  to  observe 
that  domite  differs  so  completely  from  any  other  known 
rock,  that  we  cannot  imagine  the  change  to  have  taken 
place  without  a  fusion  of  the  ingredients,  which  renders  tt 
impossible  that  the  rocks  could  at  that  time  have  stood  at 
their  present  elevation.  Discarding  therefore  this  hypo- 
thesis, let  us  confine  ourselves  to  the  inquiry,  whether  on 
the  assumption  that  these  rocks  are  foreign  to  the  situation 
ihey  occupy,  we  are  to  consider  them  as  separately  thrown 
Up  like  the  volcano  of  JuniUo  in  Mexico,  which  will  be 
afterwards  considered,*  or  as  the  relics  of  one  continuous 
stratum  of  felspathic  lava.  The  latter  opinion  has  foimd  an 
advocate  in  Mons.  Duubuisson,  who  seems  to  consider  the 
Puy  de  DOme,  and  its  accompanying  hills  as  outliers  of  the 
great  Irachytic  formation  which  extends  over  the  Mont 
Dor.  Von  Buch,  on  the  contrary,  whose  opinion  on  such 
subjects  is  entitled  to  great  weight,  imagines  that  the  moun- 
tains composed  of  domite  have  been  thrown  up  from  below, 
elaborated  from  the  materials  of  the  fundamental  granite, 
altered  partly  by  the  effect  of  heat,  and  partly  by  elastic 
vapours. 

The  difficulty  of  supposing  so  complete  a  destruction  of  a 
stratum  as  is  implied  by   Mons.  Daubuisson's  hypothestsy 
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i  me  to  prefer  that  part  of  Von  Bucli's  theory  rplating 
frthe  separate  elevation  of  the  domite  mountains,  which 
3  favoured  by  their  conical  form,  and  by  their  being 
kced  in  the  midst  of  a  volcanic  country. 
From  what  materials  this  singular  rock  can  have   been 
produced,  seems  slill  more  problematical ;  if,  as  it  ia  moat 
probable,  trom  the  subjacent  granite,  what  is  become  of  the 
greater  part  of  the  quartz,  which   forms  so  essential   and 
abundant  an  ingredient  in  the  latter  rock  ?  why  has  a  heat, 
capable  of  dissipating  so  large  a  portion  of  this  refractory 
material,  and  of  reducing  the  felspiir  to  a  glassy,  and  often 
p  K  pulverulent  state,  left  the  crystals  of  hornblende  un- 
hcbed,  and  apparently  effected  no  alteration  in  the  mica  ? 
e  are  questions,  which  in  the  present  state  of  our  know- 
it  may  be  difficult  to  answer,  although,  it  should  be 
narked,  that  in  estimating  the  amount  of  the  quartz  dis- 
Kited,  we  should  be  wrong  to  calculate  it  from  the  differ- 
ence between  the  quantity  of  that  mineral  existing  in  the 
granite   and   in  the  domite;    but  must  deduce   it  from   a 
comparison  of  the  quantity  of  silex  that  would  be  contained 
t  the  quartz  we   suppose   to    have  disappeared,  and  that 
■iisting  in  the  felspar  substituted.     Vauquelin  has  shewn 
Wi  the  domite  of  Sarcouy  contains  92  per  cent,  of  silica, 
proportion  I  should  conceive  quite  equal  to  that  existing 
iimost  granites.     With  regard  to  the  crystals  found  in  the 
mite,  these  probably  are  rather  the  results  of  the  igneous 
Mion,  than  the  unaltered  relics  of  the  original  stratum. 
ftOn  the  other  hand,  it  is  impossible  to  return  from  viewing 
I  Puy    Chopine,  without  feeling  a  persuasion  that   the 
nites  and  domites  there  seen  associated,  are  in  a  certain 
^ee  connected  with  each  other,  and  that  in  all  probability 
I  latter  has  been  formed  by  the  agency  of  heat,  modified 
fpeculiar  circumstances,  out  of  the  materials  of  the  former. 
P;Adopting  this  theory  therefore  as  the  most  probable  that 
i  been  offered,  we  may  account  for  the  intermixture  of 
hornblende  rock,  by  supposing  that  it  formed  beds  in  the 
granite  which  was  thrown  up,  whilst  the  unequal  operation 
B  2 
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of  heat  may  explain  the  occurrence  of  ilie  laCter  substance 
as  well  as  of  the  former,  unaltered  in  the  midst  of  domile. 
With  regard  to  the  volcanic  trap  or  lavas  which  occupy  the 
lower  portions  of  the  mountain,  we  may  consider  these  as 
detached  from  the  rocks  that  occur  in  the  Montague  de 
(iouties  and  Puy  Chauinont  contiguous,  elevated  as  it 
would  appear  by  the  same  process  which  thrust  up  the 
granite  and  domite  through  the  midst  of  them. 

The  geologist,  who  adopts  this  view  of  the  subject,  will 
regard  the  modifications  of  appearance,  observable  in  the 
rocks  which  have  been  referred  to  the  general  head  of  do- 
mite, as  arising  from  some  difference,  either  in  the  intensity 
of  the  heat  to  whi;h  they  were  severally  subjected,  or  in  the 
mode  of  its  application,  rather  than  in  the  material  from 
which  it  was  produced. 

Thus,  M.  Monilozier  has  observed  that  the  Puy  de  Moii> 
char,  a  mountain  to  the  N.  W.  of  the  Puy  de  Dome  on  the 
road  to  Aurillac,  seems  merely  to  have  been  forced  up,  with- 
out having  experienced  any  material  alteration  in  structure, 
for  though  partly  composed  of  scoriie,  and  other  volcanic 
products,  yet  it  is  also  made  up  of  masses  of  unaltered 
granite,  unaccompanied,  as  at  the  Puy  Chopine,  with  do- 
mite, but  in  such  disorder,  as  plainly  demonstrates,  that 
they  do  not  exist  in  their  natural  position. 

The  second  stage  of  alteration  is  seen  in  the  case  of  the 
Puy  Chopine,  where  the  granite  is  not  only  raised  by  some 
expansive  force  from  the  spot  it  originally  occupied,  but 
also  partially  converted  into  the  slate  of  domile,  whilst  a 
portion  still  unchanged,  remains  as  an  evidence  of  the 
materials  from  which  the  former  was  produced. 

Lastly,  in  the  case  of  the  two  Cliersous,  the  Grand  Sar- 
couy,  and  the  Puy  de  D6me,  the  change  from  granite  into 
domile  is  complete  throughout,  and  the  whole  reduced  into 
a  spongy  pulverulent  mass,  as  is  particularly  seen  in  the 
Puy  Sarcouy.  It  is  stated  that  the  latter  rock  still  exhales 
the  odour  of  muriatic  acid,  and  that  the  presence  of  that 
substance  has  been  ascertained  in   it  by   Vauquelin;   but 


Oh  the  Anlcdiluvial  Volcanic  Rocks  near  Clermont,  91 

whether  this  was  one  of  those  elsistic  vapours  which  accord- 
ing to  some  theorists  assisted  in  altering  the  characters  of 
V*Ae  granite,  must  be  left  for  future  in»eBligation. 

Neither  have  we  any  certain  data  on  which  to  found  a 
Ktnjeciure  respecting  the  ii^e  of  this  ruck;  it  is  probable 
indeed  that  its  date  is  not  the  same  as  that  of  the  trachytes 
f  Mont  Dor,  which  we  shall  next  consider,  since  we  rarely, 
■if  ever,  find  amongst  that  extensive  formation  a  rock  exactly 
lorresponding  to  that  of  the  Puy  de  Dome,  and  the  analogy 
f  the  neighbouring  volcanic  rocks  would  lead  us  (o  infer 
was  more  modern ;  yet  it  must  be  confessed  that  we 
n  this  instance  that  direct  evidence  which  is  ulibrded 
B  by  those  volcanos  that  have  given  forth  currents  of  lava.  : 
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.   Wb  are  not  to  suppose,  because  the  neighbourhood  of  Cler^ 

Biont  is  the  principal  seat  of  the  more  recent  volcanos,  that  nOj 

idder  rocks,  referable  to  the  same  class,  are  therefore  fount^ 

^j^bout  it.     The  basalt  of  Montaudoux,  which  Dr,  Bou6  haa 

matked  aa  identical  with  the  rock  ofCalder,  between  Glas-< 

pjw  and  Edinburgh,  evidently  belongs  to  an  era  much  more 

remote  than  that  of  the  scoriaceous  lava  of  Graveneire,  to 

pifrhich  it  is  so  near.     The  mountain  Crergovia,   situated  a 

little  farther  to   the  south,  is  capped  with  a  basalt,  partly; 

L^mpact,  and  partly  amygdaloidal,  containing  minute  cry- 

IbIs  of  mesotype,  pretty  abundantly  disseminated,  wliichy 

f  coui'se,  must  be  attributed  to  a  period  of  time,  anterior 

I  the  excavation  of  the  valley  which  it  overlooks.     The 

^uy  Charade,  on  the  other  side  of  Clermont,  is  also  capped 

rith  a  volcanic  rock,  whilst  the  sides  and  base  of  the  monn- 

e  composed  entirely  of  granite.    These  instances  are 

fhciem  to  establish  the  ante-diluvial  date  of  many  of  the 
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trap  rocks  near  Clermont,  and  that  they  are  of  volcanic 
origin  will  be  admitted  even  by  those  who  contend  for  the 
aqueous  theory  in  general,  from  their  association  with  beds 
of  tuff  containing  scorite  and  other  cellular  produclst. 

Thus  at  the  Puy  Marmoni  near  Veyre,  about  three 
leagues  south  of  Clermont,  on  the  road  to  Brioude,  the 
K>ck  is  capped  with  basalt,  like  that  of  Gergovin,  under- 
neath which  is  a  calcareous  rock,  identical  both  in  its  ex- 
ternal characters  and  imbedded  petrifactions  vrith  that 
which  occurs  in  the  latter  locality.  This  is  followed  by  W 
thick  stratum,  composed  of  a  sort  of  luff  containing  im- 
bedded portions,  not  only  of  basalt  and  other  trap-rocks, 
but  even  of  limestone.  The  paste  by  which  these  ingre- 
dients are  held  together,  partakes  in  some  places  of  the 
characters  of  wacke,  but  where  it  approaches  the  bed 
nnderneath  it,  the  cement  itself  becomes  calcareous,  in 
which  case  the  only  diflerenee  between  the  strata  consists 
in  the  presence  or  absence  of  the  imbedded  fragments.  In 
like  manner  the  limestone  bed  is  at  bottom  interspersed 
with  fragments  of  the  volcanic  matter,  which  becoming  by 
degrees  more  and  more  frequent,  give  it  at  length  the 
characters  of  a  tuff.  Basalt  also  seems  lo  occnr  interstra- 
tified  with  the  rocks  above  noticed,  and  ihe  whole  series, 
which,  from  its  present  highly  inclined  position,  seems  to 
have  undergone  some  change  since  the  period  of  its  original 
formation,  rests  finally  upon  the  limestone  of  the  plain  of 
Limagne. 

Whether  the  tuff  in  this  instance  contains  any  scoriforra 
lava,  I  am  not  prepared  to  say,  but  its  origin  is  clearly  the 
same  with  that  of  the  other  rocks  consisting  of  the  same 
material,  which  occur  in  various  places  resting  upon  the 
same  limestone  in  the  plain  of  Limagne. 

Two  of  these  rocks  occur  a  mile  or  twna  sonth  of  Cler- 
mont, near  the  road  of  Brioude,  one  of  them  constituting  a 
little  knoll,  hardly  perceptible  until  we  are  close  to  it ;  the 
other  attaining  a  considerable  height,  aud  remarkable  for 
the  abiuptaesB  with  which  it  rises  out  of  the  midst  of  so 
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level  a  plain,  reminding  ua  of  ihe  Roche  de  St.  Michael,  and 
the  other  eminences  which  will  be  noticed  as  occurring 
near  the  Puy  en  Velay. 

The  first  of  these  rocks  is  call^  the  Pay  de  la  P^  or 
Pny  de  la  Poix  ;  the  other  or  larger  one,  the  Puy  Crouelli!. 
The    Puy   de  la   Pege  consists  entirely  of  a  kind  of  tuff, 
Strongly  impregnated  with  bitumen,  which  covers  the  ex- 
ternal surface  with  a  kind  of  varnish,  and  fills  all  the  cre- 
vices in  the  rock.     This  tuff  often  contains  fi-agnients  of 
Yeaicular  as  well  as  of  compact  lava,  the  former  connecting 
its  origin  with  modern  volcanic  products,  the  latter  with  the 
tuGTs  of  the  surrounding  country.     In  some  cases  the  brcc- 
cioted  or   conelomeraled    character   of  the  rock  wan    lost, 
and  the  prevailing  substance  seemed  to  be  a  species  of  trap- 
rock,  which  from  the  unequal  manner  in  which  it  has  de- 
composed, exhibits  a  number  of  light  spots  disseminated 
through  a  darker  ground. 
^^Ui—  The  Puy  Crouelle,  which  is  about  half  a  mile  distant, 
^^B^composed  of  the  same  tuff  equally   penetrated  witli  eS' 
^^Hjlhaltum.     Unaltered  portions  of  the  limestone  occur  in  the 
^^Bnidst  of  it,  and  tlie  same  substance  constitutes  the  stratum 
^^Mkbich  immediately  supports  the  tuif.     The  line  of  junction 
^^E^tween  the  two  formations  is  as  might  be  expected  irregu- 
lar, BO  that  the  limestone  seems  in  some  places  to  send  up 
wedge-shaped  processes   into   the  incumbent  rock.      The 
commencement  of  the    volcanic    stratum   forms  a  sort   of 
natural   boundary,  beyond    which  no  vineyards   are  to  be 
seen,  whether  it  is  that  the  greater  abruptness  of  this  rock 
prevented  their  growtli,  or  that  the  nature  of  the  matbrial 
itself  was  hostile  to  vegetation. 

In   my  letter   to    Prt>feBsor  Jameson,  I  stated  it  as  my 

opinion,  that  these  isolated  hillocks  of  tuff  were  raised  by 

volcanic  agency  from  beneath,  through  the  limestone 

which  they  seem  to  repose,  un  hypothesis  which  I  Beess 

ipled  by  a  German  geologist,  M,  Steiuinger,   who  has 

Blill  more  lately  on  the  subject.     Nevertheless  on 

inaidcring   ilic    question,    and    comparing    ihe   luff  of 
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Limagne  with  that  near  the  Pay  en  Velay,  i  am  at  present 
more  inclined  to  believe  that  these  rocks,  with  othere  of  the 
same  description  that  lie  scattered  in  the  different  parts  of 
ihiB  district,  are  relics  of  a  more  extensive  airatuni,  the  in- 
tervening portions  of  which  have  been  removed. 

It  may  be  difficult  perhaps  to  suppose  su  complete  a  de- 
struction of  a  rock  as  is  implied  in  the  latter  hypothesis, 
but  it  seems  still  more  kp  to  reconcile  the  general  pheno- 
mena of  the  tuff,  its  alternation  with  Neptunian  products, 
the  occasional  presence  of  shells,  and  of  unaltered  portions 
of  extraneous  rocks,  &c.  to  igneous  ejection. 

It  would  be  premature  however  to  enter  at  present  into 
the  question  relative  lo  the  origin  of  volcanic  tufij  since  an 
inquiry  of  this  nature  would  oblige  me  to  appeal  to  the 
volcanic  rocks  in  other  parts  of  Europe  which  have  not 
yet  come  before  us.  I  shall  therefore  only  observe  that 
vestiges  of  a  similar  tufaceous  rock  holding  the  same  rela- 
tion to  the  limestone,  are  seen  in  various  parts  of  the  plain 
of  Limagne,  especially  at  the  town  of  Pont  du  Chateau, 
where  the  surface  of  the  stone  is  coated  with  those  Hne 
Chalcedonies  so  highly  prized  by  collectors. 

I  must  not  forget  a  formation  somewhat  different  from  the 
above  which  occurs  a  little  to  the  west  of  the  Puy  Marmonl 
at  the  hill  of  Mouton.  It  bears  some  resemblance  to  the 
trass  of  the  Rhine  volcanos,  containing  imbedded  portions 
of  pumice  as  well  as  of  scorife  and  compact  lava,  but,  like 
the  tuff  of  the  contiguous  hill,  the  paste  by  which  the  irag- 
ments  are  held  together,  seems  to  be  often  calcareous. 

It  should  be  noticed,  as  one  of  the  few  localities  in  Aa- 
vergne  where  pumice  is  to  be  found,  which  seems  the  more 
remarkable,  as  this  substance  is  a  common  product  of  that 
class  of  volcanos,  which  consists  of  trachyte. 

Now  besides  the  problematical  rocks  near  Clermont  al- 
ready noticed,  as  consisting  of  a  variety  of  that  substance, 
an  extensive  trachytic  formation  occupies  the  principal  ptM^ 
tion  of  the  neighbouring  chain  of  Mont  Dor,  and  extends 
over  the  greater  part  of  th«  adjoining  department  of  Caiilal. 
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It  is  connected  with  the  ante-diluvial  rocks  of  volcanic  ori- 
gin near  Clermont,  by  its  age,  as  vfell  as  other  circumstances, 
being  seen  in  Cantal  resting  upon  tertiary  freshwater  lime- 
stone, and  covered  by  rocks  which  recall  to  our  recollection 
the  basalts  of  the  plain  of  Limagne. 

The  table  land  known  under  the  name  of  Mont  Dor, 
embraces  a  circumference  of  about  12  leagues  between  the 
(owns  of  Rochefort,  La  Tour  d'Auvergne,  and  Besse,  and 
the  highest  point  in  the  range  attains  the  elevation  of  5899 
feet  above  the  level  of  the  sea. 

Though  its  shape  nt  a  distance  corresponds  more  to  what 
we  observe  in  many  transition  districts,  yet  it  appears  to  be 
entirely  of  volcanic  origin,  and  two  distinct  classes  of  rocks, 
both  referable  to  this  cause,  may  be  distinguished. 

On  the  summit  we  generally  observe  a  basaltic  formation, 
associated  with  a  sort  of  trap  tuff  or  breccia,  and  a  very 
cellular  description  of  lava. 

Underneath  this  is  that  jjorphyritic  felspar  rock  generally 
known  under  the  name  of  trachyte,  with  which  are  associ- 
ated a  conglomerate  made  up  of  fragments  of  the  same  rock, 
as  well  as  of  basalt  and  cellular  lava,  cemented  by  a  fels- 
pHthic  paste,  and  a  rock  apparently  homogeneous,  but  in 
reality  analogous  to  trass,  consisting  of  finely  comminuted 
portions  of  volcanic  matter.  Underneath  these,  but  at  so 
low  a  level,  as  hardly  to  justify  its  being  considered  as  making 
a  part  of  the  Mont  Dor  range,  is  seen  the  granite,  which 
seems  lo  constitute  the  original  substratum  throughout 
the  whole  of  this  Province ;  the  volcanic  and  even  the  fresh- 
water formation,  hardly  deserving  lo  be  viewed  as  parts  of 
the  crust  of  the  earth,  but  hping  rather  in  some  sense  ex- 
traneous to  its  composition, 

I  shall  consider  theee  rocka  in  succession,  beginning  with 
the  highest  in  the  series : — 

1st,  The  basaltic  formation  of  Mont  Dor  comprises 
ieveral  rocks,  diflering  fiom  each  other  much  in  appearance 
and  external  characters. 
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1  The  rock  which  has  indaced  me  to  give  thJB  nanie  to  the 
r.whole,  is  a  compact  and  sonorous  basalt,  coniuining  occa- 
«ionaHy  crystals  of  olivine,  and  more  comnionly  some  of 
augite  and  hornbknde,  the  Utter  having  frequently  an  aci- 
cular  form. 

AsiwKiated  with  it  is  a  vesicular  rock,  to  wliich  the  name 
•of  lava  may  not  improperly  be  given,  since  the  cavities  which 
St  contains  possess  no  appearance  of  having  been  onceJiUed, 
iike  those  in  the  basaltic  amygdaloids  of  secondary  coun- 
tries,  and  its  general  aspect  obliges  us  to  refer  it  to  the  same 
class  with  the  undisputed  products  of  volcanos  now  in 
Activity.  We  meet  also  with  scoriie,  either  in  detached  fmg- 
,»entfi,  or  with  portions  of  compact  trap,  the  whole  cemented 
together  by  iron-clay,  so  as  to  constitute  a  species  of  vulcanic 
tuff. 

,  I  found  the  order  of  iuperposition  on  a  hill  which  I 
examined  near  Lake  Gery,  a  few  miles  from  the  village 
«Alled  "  Les  Bains  de  Mont  Dor,"  to  be  as  follows : 

On  the  summit  a  thin  bed  of  scoriie.  Underneath,  a  tufi*, 
containing  fragments  of  the  more  compact  united  with  the 
vesicular  variety  of  lava,  but  in  some  places  in  u  state  of  such 
extreme  division,  that  the  whole  might  be  mistaken  at  a 
distance  for  red  sandstone.  Beneath  all  was  a  compact  and 
.Ci^stallinc  basalt,  made  up  of  a  confused  assemblage  of 
these  acicukr  crystals  of  hornblende,  together  with  augile 
and  felspar. 

It  would  seem  that  this  is  the  general  order  of  super- 
jwsition;  and  the  pressure  of  the  vesicular  matter  above 
may  possibly  have  contributed  to  give  to  the  rock  under- 
neath the  hardness  and  consistency  which  it  possesses, 
although  it  must  be  confessed  at  the  same  time,  that  basalt 
exists  amongst  modern  lavas  in  situations,  where  it  would 
seem  impossible  to  assume  the  existence  of  any  kind  of 
pressure,  at  least  at  the  time  the  lava  was  ejected. 

From  the  description  we  have  given,  it  will  be  easily 
understood,  that  the  subjacent  rock,  the  trachyte,  is  chiefly 
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seen  exposed  on  (he  sides  and  in  tlie  bottom  of  the  Tallies ; 
the  great  and  elevated  table  land,  which  composes  the  range 
of  Mont  Dor,  and  extends  with  little  interruption  into 
Cantal,  having  its  upper  strata  generally  composed  of  basalt, 
and  the  other  rocks  associated  witli  it. 

Yet  this  arrangement  does  not  appear  to  be  universal,  for 
the  basaltic  platform  has  not  extended  over  the  whole  sur- 
face of  the  tableland,  and  I  observed  in  particular  that  the 
summit  of  the  highest  peak  called  the  Pic  de  Sancy,  consistB 
of  trachyte;  nor  is  it  confined  to  the  more  elevated  situa- 
tions, but  in  many  places,  especially  in  the  flanks  of  the 
Mont  Dor,  is  seen  at  a  lower  level  than  the  greater  part  of 
the  porphyritic  stratum. 

The  latter  case  occurs  at  the  "  Cascade  du  Quereuil," 
near  the  Daths,  where  the  basalt  is  seen  in  fine  columns  in- 
cumbent upon  a  rock,  which,  from  ite  analogies  to  one  found 
among  the  Rhine  volcanos,  I  shall  call  trass,  and  covered 
with  volcanic  tuff.  Now  as  the  former  rock  rests  im- 
mediately upon  granite,  without  the  intervention  of  any 
trachyte,  a  recent  German  wrilor,  M.  Steininger,  has  con- 
cluded that  the  latter  formation  probably  lies  above  this 
basaltic  rock,  and  consequently  that  the  Mont  Dor  range 
contains  two  sets  of  basaltic  lavas,  the  one  superior  to  the 
trachyte^  the  other  occurring  in  the  midst  of  it.  But  as  this 
Oeologist  does  not  appear  to  have  adduced  any  decided  in- 
stance, in  which  the  trachyte  is  seen  suiJerimpoaed  on  the 
basalt,  it  may  be  better  to  imitate  the  caution  of  Monsieur 
Ramond,  whose  experience  in  the  geology  of  Auvergne  is 
probably  greater  than  that  of  any  other  observer,  and  who, 
without  altogether  denying  the  fact  of  an  alternation  be- 
tween the  two  formations,  confesses  that  the  general  aspect 
of  the  phenomena  leads  him  to  conjecture,  that  the  irregular 
disposition  of  ihe  basalt  may  be  explained  by  supposing  it 
to  have  descended  from  the  highest  points  of  the  chain,  and 
illed  up  the  hollows  and  crevices  in  the  porphyritic  inoun- 
i  beiieskili. 
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-  At  all  events  the  parallel  which  Steininger  has  attemptet 
to  draw  between  his  two  formations  of  basalt  in  the  IVIoa|. 
Dor,  and  the  antient  and  modern  basaltic  lavas  near  C\extf 
jaonx,  fails  in  a  very  essential  point,  since  the  most  moderi; 
of  the  volcanic  rocks  of  Mont  Dor  have  been  produce^ 
antecedently  to  the  formation  of  the  vallics,  whilst  those  near 
Clermont  are,  as  we  have  seen,  post-diluvial. 

There  is  indeed  near  a  little  lake,  called  the  Lake 
'Servieres,  which  stands  on  the  summit  of  the  table  land,, 
and  in  its  fonn  resembles  a  crater,  a  rock  in  height  not  ex- 
ceeding fifty  feet,  which,  from  its  conical  form,  and  thf 
analogy  which  the  substances  composing  it  bear  to  the  pro^ 
ducts  of  recent  volcanos,  seem  to  be  moie  modera  than  t 
^rrounding  country. 

This  fact  however  does  not  affect  the  question  with  rega 
to  the  general  antiquity  of  these  basalts,  which  supposing 
them  to  have  been  thrown  out  since  the  existence  of  tbe> 
present  order  of  things,  would  liave  been  found  at  I 
bottom  of  the  Tallies  by  which  the  country  is  intersected. 

2.  The  trachytic  formation   is  essentially   composed  of^ 

crystals  of  glassy  felspar,  imbedded  in  a  base  which  seeml. 

to  be  of  the  same  material.     Its  fracture  is  more  commonly 

■  rough  and  earthy,  but  is  not  unfrequently  compact.     In  ihe- 

'  latter  state  it  is  that  mica,  hornblende,  and  other  minerals^ 

are  found  imbedded,  whilst  it  is  the  former  variety  whicb- 

'  contains  the  finest  and  most  regular  crystals  of  glassy  felspar. 

It  passes   sometimes  into  pitchstone  poiphyry,  as  at  the 

Vallee d'Enfer,  at  others  inlo  a  kind  of  horastone  porphyry^. 

both  near  the  village  where  the  baths  are  situated. 

It  is  frequently  coloured  red  by  iron,  and  sometimes  in»' 
'Closes  flattened  balls  of  clay  ironstone.  In  its  fissures  ara' 
also  found  plates  of  specular  iron  ore,  a  substance  which  I 
have  noticed  as  occurring  among  the  recent  volcanos  near 
Clermont,  and  at  the  Puy  de  D6me. 

Associated  with  the  trachyte,  and  as  I  believe  interstrati** 
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Bed  with  it,  are  those  singular  beds  which  I  have  compared 
with  the  trass  of  the  llhioe  volcanos,  consisting  of  an  appa- 
rently homogeneous  rock,  bearing  a  resemblance  to  tripoli, 
possessing  a  rough  earthy  feel  and  slaty  fracture,  generally 
grey,  but  sometimes  of  an  ochreous  yellow  colour,  from  the 
intermixture  of  oxide  of  iron. 

Wlielher  these  beds  are  to  be  attributed  to  the  disinte- 
gration of  the  trachyte,  and  the  subsequent  agglutination  of 
its  finely  divided  fragments  into  an  uniform  mass,  or  whether 
they  have  not  rather  been  the  result  of  ejections  of  finely 
pulverized  matter,  may  admit  of  dispute.  The  same  uncer- 
tainty extends  to  those  beds  of  volcanic  breccia  likewise 
found  accompanying  this  formation,  in  which  the  frag- 
ments are  cemented  by  a  paste  often  resembling  the  trachyte 
itself. 

To  tile  latter  we  may  probably  also  refer  those  fragments 
of  a  breccia  containing  sulphur  and  alum  rock,*  found  in 
the  Gorge  d'Enfer,  near  the  village  of  the  Baths,  in  the  bed 
of  the  River  Dordogne,  which  lakes  its  rise  in  the  mountains 
above. 

Of  this  rock  M.  Cordier  has  published  in  the  "  Annales 
des  Mines,"  a  description  as  well  as  an  analysis,  from  both 
which  he  infers  that  it  is  analogous  to  the  alum  rock  of 
Tolfa,  like  which  it  yields,  on  exposure  to  heat  and  mois- 
ture, numerous  capillary  crystals  of  alum.  It  has  never  been 
met  with  in  sita,  but  it  seems  probable,  that  if  the  middle 
regions  of  the  Pic  de  Sancy,  above  the  spot  to  which  it  has 
been  brought  by  the  torrents,  could  be  explored,  the  beds 
_  of  tuff  which  there  exist  might  be  found  to  contain  it. 

f  Noggeralh,  in  die  German  Translation  he  has  ialely  published  of  these 
Hers,  remarW^,  thai  alum  rock  and  alum  slonc  mutl  be  di^tinguiJihed,  (he 
merBeiring  (0  deaignale  a  species  of  rock,  ihe  latter  a  ximple  mineral.     See 

b  Leoohud*a  Chiracleriitic  der  PcliBrlen,  vgl,  8.  i53. 


The  feUowiag  is  Uie  remAt  of  Cordier's  wsaijnd  of  VtS 
alnm  rock  of  Mont  Dor,  compared  with  that  of  tiie  ithiiiBV 
rock  and  the  alum  stone  of  Tolfe,  Hungary,  and  MontitMM'/? 
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In  my  letter  to  Professor  Jameson,  published  in  the  4th 
number  of  his  Journal,  I  noticed  some  dykes  of  vesicular 
lava  which  traverse  the  trachytic  formation  at  the  waterfiJl 
called  the  Grande  Cascade  de  Mont  Dor. 

From  the  absence  of  any  dislocation  or  hardening  of  the 
rock  which  they  traverse,  I  inferred  thrt  they  were  processes 
given  off  from  the  basaltic  lava  of  the  cliff  above,  which 
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might  have  insinuated  itself  in  a  liquid  stale  into  the  cracks 
or  lissureg  of  the  subjacent  rock,  rattier  than  the  rents  cansed' 
by  the  basalt  in  the  act  of  attaining  the  position  which  it 
now  occupies. 

I  perceive  that  M.  Ramond  adopts  the  same  opinion  with 
reference  to  the  place  in  question,*  nor  am  T  aware  of  any 
thing  in  the  particular  circumstances  of  the  case,  that  mili- 
tates against  such  a  conclusion;  but  I  must  at  the  Ratne 
lime  remark  that  my  principal  ground  for  adopting  it  ia 
greatly  weakened,  from  having  remarked  in  the  volcanic 
districts  which  I  have  since  examined,  that  the  dykes  thai 
appear  to  be  of  the  most  modern  date,  have  not  so  gene- 
rally affected  the  rock  contiguoue,  as  the  more  antient  onea 
have  done. 

1  should  also  expect  from  what  I  have  since  seen  among 
the  German  volcanos,  that  the  basalt  which  caps  tiie  table 
land  of  Mont  Dor,  has  been  ejected  thi'ougli  the  medium  of 
d^  kes  J  ro-ther  than  of  cralersjf  audit  is  therefore  not  im- 
probable that  those  of  the  Grande  Cascade  de  Mont  Dor 
may  be  among  the  number  of  these  vents.  I  am  still  how- 
ever of  opinion,  that  the  dykes  of  volcanic  luff  fhat  occur 
in  Cantal,  of  which  several  are  mentioned  by  Sleininger,  and 
one  has  been  noticed  by  myself  in  the  communication  al- 
luded to,  are  nothing  more  than  an  upfilling  of  fissures  that 
existed  in  the  subjacent  rock,  and  I  am  confirmed  in  this  idea, 
from  having  seen  at  the  foot  of  the  Siebengebirge,  on  the 
Rhine,  similar  veins  of  trass  filling  up  the  cracks  in  the  rock 
of  the  same  description  which  there  encircles  the  trachyte. 

In  describing  the  rocks  found  at  Mont  Dor,  I  have  said 
almost  all  that  appears  necessary  respecting  the  trachyte  of 
Auvergne,  for  that  of  Cantal  is  distinguished  chiefly  by  its 
more  compact  form,  and  by  the  rarer  occurrence  in  it  of 
scorified  matter.  • 


■   Nivellement  Biiomelrique  de  Mont  iJor. 

+  Sleinmger  in  his  Tract  on  Auvergne  above  cileri,  nolifrs  dykes  of  In 
chyte  near  Murat,  and  of  bawK  al  Theyiae  ;  botli  in  Caiilal.  I  did  noL  ol 
Mrve  them. 
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This  formation  is  also  occasionally  capped  with  basalt,  aft 
at  the  Puy  Griou,  and  the  same  rock  likewise  descends,  a« 
at  Mont  Dor,  to  a  comparatively  low  level,  so  that  Steininges 
has  adopted  with  respect  to  it  the  same  hypothesis  as  to  the 
existence  of  a  basaltic  formation  interstratitied  with  tra-> 
chyte,  though  apparently  without  adducing  any  more  de- 
cided proofs  of  such  an  alternation.* 

The  highest  rocks  in  Canlal  are  however  mostly  capped 
with  porphyry  slate,  a  substance  only  found  at  Mont  Dor, 
composing  two  isolated  peaks  near  Rochfort,  called  Sana- 
doire  and  Thuitiere. 

The  mineralogical  characters  of  the  porphyry  slate  ap- 
proach so  nearly  to  those  of  some  varieties  of  trachyte  that 
,  Daubuisson.  regards  it  as  a  modification  of  that  rock ;  but  in 
the  case  before  us,  there  does  not  appear  to  be  any  passage  from 
one  rock  into  the  other,  and  the  limits  of  the  two  formations 
are  very  distinctly  marked,  especially  in  the  former  instance, 
by  the  more  harsh  and  rugged  outline  of  that  portion  of  the 
mountain  which  is  composed  of  porphyry  slate.  From  the 
indestructible  nature  of  this  rock,  the  hdls  in  Canlal  are 
usually  covered  towards  their  surface  with  massive  fragments- 
of  rock,  of  a  greyish  colour  and  great  hardness,  whereas  the 
trachyte  beneath  decomposes  in  a  mgre  rapid  and  uniform 
Banner. 

Nor  can  there  be  a  greater  contrast  than  between  tlie 

luxuriance  of  some  of  the  vallies,  as  that  of  Theyzac,  ia 

I  which  the  substratum  is  of  trachyte,  and  the  extreme  bar- 

p  renness  of  the  higher  parts,  which  are  composed  of  cUnk- 

p  Atone. 

I  am  therefore  inclined  to  believe  this  rock  to  be  a  fonna- 
'  tion  distinct  from  the  trachyte  underneath  it,  of  the  same  age 
probably  as  the  basalt  of  Mont  Dor ;  and  when  we  recollect 
that  ia  the  Siebengebirge  near  the  Rhine,  basalt  and  trachyte 
occur  together  without  tiny  determinate  order,  and  that  in 
the  hills  near  the  Lake  of  Constance,  the  former  species  of 


'  See  Steininger  Erloii 
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rock  is  found  associated  with  clinkstone  in  such  a  manner 
as  leads  one  to  suppose  that  both  are  products  of  the  same 
ttra,  we  need  not  be  surprised  at  seeing  the  porphyry  slate 
to  be  in  the  place  in  Cantal  of  the  basalt,  which  is  spread 
over  the  surface  of  the  Mont  Dor. 

I  have  already  alluded  to  the  tuff  which  in  the  latter  chain 
is  found  associated  with  trachyte.  A  similar  rock  occurs  in 
greater  abundance  throughout  Cantal,  and  is  there  dis- 
tinguished by  the  grotesque  appearance  which  it  assumes, 
presenting  to  the  eye  a  ^ange  of  mural  precipices,  broken 
into  a  number  of  fantastic  shapes,  a  circumstance  very  cha- 
racteristic of  rocks  of  this  description,  both  here  and  in  the 
neighbourhood  of  the  Puy  en  Velay. 

In  Cantal,  the  tuff  is  best  displayed  near  the  village  of 
Thejrzac,  on  the  road  from  Aurillac  to  Murat,  where  it  is 
placed  between  two  beds  of  trachyte,  being  found  rather 
less  than  halfway  up  on  either  side  of  the  hills  which  bound 
the  valley,  whilst  the  summit  and  base  alike  consist  of 
trachyte.  It  dips  gradually  to  the  east ;  so  that  about  half 
a  league  from  Theyzac,  on  the  road  to  Murat,  it  reaches 
the  level  of  the  road.  Different  as  the  tuff  appears  from  the 
trachyte  which  it  accompanies,  it  will  be  found  on  ex- 
amination, that  thS  fragments  of  which  it  consists  are 
cemented  always  by  a  basis  of  the  latter  rock,  and  that  a 
passage  from  the.  one  to  the  other  proceeds  by  imperceptible 
gradations.  The  fragments  consist  in  general  of  a  trachyte 
of  a  more  compact  character  than  the  paste  which  cements 
them,  but  we  also  find  basalt  and  cellular  lava  intermixed ; 
and  I  remarked  beds  or  veins  of  the  same  description  of 
stone  which  I  have  compared  to  the  trass  of  the  Rhine  vol- 
canos  when  speaking  of  Mont  Dor.  A  little  beyond  They- 
zac, near  Vic  en  Carladez,  a  mass  of  this  rock  occurs 
inclined  apparently  in  the  midst  of  the  tuff,  and  with  its 
layers  irregularly  incurvated,  forming  a  sort  of  arch,  which, 
"though  on  a  smaller  scale,  reminded  me  of  one  of  clay 
porphyry  which  I  had  observed  in  Arran,  and  which  is  re- 
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;  plates  to  Dr.  Mac  CuUocb's  work  on  the 


presented  in 
Western  Islands. 

Tlie  tufl'  in  some  places,  as  at  Salera,  is  composed  of 
minute  fragments  so  highly  charged  with  oxide  of  iron,  that 
ii  has  much  the  appearance  of  a  ferruginous  sandstone.  In 
this  state  it  sometimes  contains  impression  of  leaves  and 
branches  of  trees,  which  appear  in  no  respect  mineralized, 
but  carbonized  and  reduced  to  an  impalpable  powder  by  the 
ordinar}'  process  of  decay.  Jn  other  cases,  where  the  tree 
has  wholly  disappeared,  the  hollow  which  it  occupied  in  the 
midst  of  the  tuff  still  remains.  This  circumstance  tends  in 
a  stilly  greater  degree  to  identify  ihe  tuff  of  Auvergne  with 
the  trass  of  the  Rhine  volcanos. 

The  greater  part  of  the  tuff  of  Cantal,  as  well  as  the 
trachyte,  appears  to  be  posterior  to  the  calcareous  formation 
of  the  vailies ;  in  one  instance  only,  in  the  valley  of  Font- 
anges,  have  1  observed  an  appearance  of  alternation  betweea 
them,  in  which  case  a  thin  calcareous  bed  of  considerable 
hardness  is  seen  resting  upon  a  tuff  in  which  the  fragments 
are  held  together  by  a  trachytic  base,  and  is  covered  by  tbe 
same  material. 

Thus  the  age  of  these  rocks  in  the  Cantal  seems  to  be 
nearly  the  same  with  that  of  the  older  volcanos  of  the  plain 
of  Limagne,  for  the  limestone  which  supports  and  some- 
times alternates  with  them,  appears  in  both  cases  to  be 
identical, 

The  shells  that  are  found  at  Gergovia  near  Clermont,  and 
at  Aurilluc  in  Cantal,  both  belong  to  the  freshwater  forma- 
tion, and  the  recent  discovery  of  bones  belonging  to  the 
"Mastodon,  and  to  extinct  species  of  several  existing  genera 
of  animals,  in  the  volcanic  tuff  of  Mont  Perrier,  neae 
Issoire,  completes  the  resemblance  with  the  rocks  of  tlie 
Paris  basin.* 

*  This  dieoovery  a  announced  in  the  Cullalin  deB  Sciences  for  Novombor 
1884,  p.  33Si  in  an  exlnicl  from  a  meiuoir  read  by  M.  le  Cumte  Laizar  at  Ihs 
annual  me<:<ing  of  the  Philosophical  Society  of  Clermotit  in  Auvcrgae.  Betweea 
Champeisand  Iiwire,  an  elevsledplatfonnof  basalt  and  tuff  occurB,  the  latlor 
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The  same  remaric  likewise  applies  .to  the  volcanic  rooks 
that  are  met  with  about  fifty  miles  farther  to  the  south  in 
the  neighbouiliood  of  the  town  of  Puy  ^en  Velay,  where  an 
extensive  deposit  of  tuff  occurs,  resting  on  strata  iof  tertiary 
formation,  but  covered  by  diluvial  detritus. 

The  tuff  is  composed  of  fragments  of  scorifonn  lava  and 
basalt  with  the  debris  of  various  other  rocks,  all  cemented 
together  by  sand  and  wacke.  It  appears  at  one  time  to  have 
overspread  the  valley  in  which  the  town  of  Puy  is  siti^iated, 
but  since  to  have  ^een  in  great  measure  swept  away  by 
difluvial  action  and  other  causes.  Owing  however  to  the 
unequal  degree  of  consistence  possessed  by  different  portions 
of  this  fcH'mation,  it  ^as  been  affected  by  these  agents  in  a 
very  irregular  manner,  and  hence  it  has  happened,  that  in 
the  midst  of  the  valley  caused  by  the  destruction  of  the 
-tufl^  several  -detached  hillocks  appear,  which,  "from  tlieir 
singularly  abrupt  and  almost  pyramidal  form,  look  at  a 
'distance  rather  like  artificial  constructions,  than  the  result 
of  natural  causes. 

^ch  is  the  hill  on  which  the  cathedral  and  part  of  the 
town  of  Puy  is  situated ;  that  near  the  village  of  -Expailly, 
celebrated  for  the  crystals  of  zircon  and  hyacinth  which  it 
contains,  and  still  more  remarkably  the  rock  of  St.  Michael, 

composed  of  fragments  of  pumice  and  trachyte  cemented  by  the  usual  argil- 
laceous paste.  In  this  eiggregfite  are  the  bones  of  no  less  ^han  twenty  extinct 
species  of  Mammalia,  several  of  whioh  have  been  pronounced  by  Cuvier  to 
be  new. 

Among  the  Pachydermata  are,  the  Mastodon,  Elephant,  Rhinoceros,  Hippo- 
tamus.  Tapir. 

Ruminantia — 4 wo  species  of  Ox,  like  the  Auroch,  tw9  species  of  Stag,— «U 
four  extinct 

Rodentia — a  Beaver. 

Carnivora — ^two  new  species  of  Bear,  three  species  of  the  G.  Feli«r  like  the 
Panther,  one  species  of  the  Hyena,  one  species  of  Fox,  one  species  of  Otter ,-*- 
all  of  them  new. 

r 

Besides  the  above,  occur  bones  of  Birds,  and  impressions  of  Fish. 
Drawings  of  these  bones  are  announced  as  about  to  be  published  by  sub- 
scription. 
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the  height  of  which,  according  to  Faujas,  is  two  hundred, 
and  its  diameter  only  one  hundred  and  seventy  feet.* 

It  is  curious  that  the  same  tapering  figure  which  we  view 
with  suipri^e  in  the  Alps,  and  consider  as  characteristic  of 
rocks  of  the  most  compact  texture,  should  in  this  inst^oe 
be  found  belonging  to  a  stratum  consisting  of  loose  materials, 
and  of  so  modern  a  date,  t 

The  tuff  about  the  Puy  is  also  associated  with  masses  qf 
compact  basalt,  which  seem  in  general  to  rest  upon,  but  ia 
some  instances  have  the  appearance  of  being  intermixed 
with  it.  Thus  near  the  tufaceous  rock  of  ExpaiUy,  just 
noticed,  is  another  isolated  knoll,  which  consists  of  colum* 
nar  basalt,  and  in  like  manner  at  St.  Pierre  Eynac,  a  village 
at  a  short  distance  from  the  Puy,  the  basalt  seems  to  alter* 
nate  in  beds  with  the  tuff. 

It  appears  to  me,  that  a  key  to  the  true  explanation  of 
these  phsenomena  may  be  obtained  by  considering  the  stnio- 
.ture.and  position  of  an  isolated  mass  of  basalt  near  the  Puy, 
called  the  Rocker  Rouge.  This  rock  is  superimposed  on 
the  slope  of  a  granitic  hill,  from  which  it  rises  to  the  height 
of  more  than  one  hundred  feet,  and  has  all  the  appearance 
of  ah  enormous  dyke,  both  from  the  shattered  condition  of 
the  granite  round  it,  and  from  the  manner  in  which  the 
latter  is  seen  on  one  side  to  lean  against  the  protruding  ma<^s. 

Where  the  granite  has  been  by  accident  removed,  the 
basalt  is  seen  rising  as  it  were  from  beneath  it,  and  from  the 
principal  mass  are  seen  to  spring  two  dykes,  which  penetrate 

*  Une  espece  de  grande  obelisque,  faconne  des  mains  de  la  nature.  Faujas, 
Vole,  du  Viv.  p.  342. 

+  Mr.  Herschell  has  however  given  the  Geological  Society  an  account  of  a 
still  more  abrupt  figure  belonging  to  hills  made  up  of  even  softer  materials.  It 
occurs  in  the  Tyrol,  where  masses  of  diluvial  matter,  consisting  of  pebbles 
loosely  cemented  by  sand,  are  seen  to  form  a  succession  of  pyramidal  hills  erbn 
more  precipitous  than  those  of  the  Puy.  In  this  instance  the  effect  is  explained 
by  observing  that  the  portions  of  the  diluvial  matter  which  rise  in  this  abrupt 
manner  above  the  rest,  have  been  protected  from  the  action  of  the  rain,  for  we 
may  observe  on  the  top  of  every  one  of  these  a  large  stone  which  shielded  thft 
parts  immediately  underneath  it. 
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the  former  rock  horizontally  to  a  considerable  distance; 
Fragments  of  granite  are  also  to  be  met  with  imbedded  in 
the  substance  of  the  basalt. 

Yet  notwithstanding  these  unequivocal  proofs  of  igneous 
ejection,  it  seems  impossible  that  the  basalt  should  have 
originally  stood  in  the  position  it  now  occupies,  unless  it 
had  been  at  that  time  supported  by  some  surrounding  stra* 
tum ;  and  it  therefore  seems  most  simple  to  suppose  that  the 
granite  in  this  situation  was  once  covered  with  tuff,  which 
the  action  of  the  waters  has  since  swept  away. 

By  the  occurrence  of  similar  dykes  thrust  up  in  6ther 
places  through  the  midst  of  the  tuff,  and  sometimes  pene- 
trating it  horizontally,  I  should  account  for  the  basalt  seen 
intermixed  with,  as  well  as  covering  this  volcanic  breccia, 

I  cannot  pretend  however  to  have  studied  the  geology  of 
this  neighbourhood  with  the  attention  requisite  for  deter- 
mining the  relation  of  all  the  rocks  included  under  this 
series  to  each  other,  and  must  therefore  refer  you  to  M. 
Bertrand  Roux's  excellent  description  of  the  environs  of 
Puy,  for  further  particulars. 

From  his  statement  it  would  appear,  that  the  basaltic 
Tocks  of  this  neighbourhood  are  of  very  different  ages, 
though  I  cannot  admit  that  we  are  justified  in  estimating 
their  relative  antiquity  by  comparing  together  the  depth  to 
which  the  several  parts  of  this  formation  have  been  worn 
away.  M.  Bertrand  Roux  himself  furnishes  us  in  my  opi* 
nion  with  a  convincing  proof  that  the  e&ct  has  not  been 
dependant  on  the  longer  or  shorter  continuance  of  causes^ 
now  in  action,  when  he  mentions  that  the  rock  on  either  side 
of  the  old  Roman  roads,  none  of  which  can  be  less  than  1300 
years  old,  has  undergone  since  that  period  scarcely  any  sen- 
sible decay.  Instead  therefore  of  considering  with  M.  Roux 
the  amount  of  the  destruction  that  has  taken  place  in  dif- 
ferent parts  of  the  formation,  a  sort  of  chronometer  to  assist 
us  in  determining  their  relative  age,  I  should  rather  adopt 
the  converse  of  the  proposition,  and  argue  that  the  time 
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reqnxired  wouldy  atcoiPdmg  to  his  own  shewing,  hate  been 
0D  imihense,  that  we  are  in  a$  maimer  dmen  to  sap]p06e  the 
effect  to  have  been  brought  about  by  cailses  differing  in  thei^ 
mode  of  auction  fronH  those  at  present  in  operation. 

The  eonclusicm  arrived  at  by  either  jbrocess  of  reasoning 
tofresponds^  however,  in  assigning  to  th^  volcanic  products 
alhided  to  a  very  remote  antiquity ;  for  whilst  M.  Bertrand 
Roux  h  bound  to  sutppose  tbei^  as  much  older  than  Ihe 
Roman  Toadsy  as  the  whote  ati^ount  of  the  degradation  they 
have  experienced  exceeds  that  which  has  taken  place  since 
the  date  of  the  latter ;  my  contltision  leads  me  to  place  their 
formation  at  an  epoch  at  least  s^omewhat  more  remote  thoii 
that  of  the  last  general  revolution  which  has  afibcted  the 
face  of  our  planet* 

A  limit  on  the  other  hand  is  set  to  the  age  that  can  be 
assigned  to  this  volcanic  breccia,  by  the  circumstance  of  its 
being  superposed  on  strata,  containing  freshwater  shells^ 
and  bones  of  mammalia*  similar  to  those  of  the  basin  of 
Paris.  Hence  the  eruptions  to  which  the  materials  of  thk^ 
tuff  owe  their  existence,  though  antetior  to  the  period  at 
which  the  vallies  were  excavated,  must  dat^  from  one  sub^ 
sequent  to  the  formation  of  the  tertiatry  rocks  found  in  that 
neighbourhood. 

The  same  remark  will  apply  to  that  extensive  volcanic 
formation  near  the  Puy^  which  ranges  from  south-east  td 
8<>nth-west,  forming  the  elevated  ridge  which  separates  the 
Velay  from  the  neighbouring  province  of  the  Vivarais. 

The  principal  rocks  in  this  district  ate  trachyte  and  poi** 
phyry  slate,  the  latter  generally  superimposed ;  On  the  flanks 
however  are  occasionally  seeti  detached  patches  of  basalt, 
"♦rhich  seem  to  belong  to  the  formation  seen  covering  the  tuff 
oh  the  hills  about  the  Puy. 

.  *  Cuvier  has  ascertained  that  they  belong  to  the  genus  Paleotherium  and 
Anthracotherium  $  the  former  contained  iu  a  gypseous  deposit  similar  to  thllt 
of  Montmartre ;  the  latter  in  a  calcareous  rock,  in  which  were  found  freshwater 
t^heils.  The  same  bed  inclosed  bones  of  other  Mammalia,  and  portions  of  the 
i4iell  oftheTurtie. 
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It  would  K^vectheless  appear  that  the  whole  of  the  tra- 
!(;bytic  formation  was  of  later  date  than  great  part  of  the 
tuff^  {or  if  this  were  not  the  case,  we  ought  to  find  fimginents 
()i£^''^chyte  and  of  clinkstone  generally  distril^Uited  ihrcmgh- 
^%  this  aggr^gat^,  whereas  in  reality  they  are  onlgr  met  with 
in  U^  beds  of  alluvial  formation  which  alternate  with  the 
i^^)er  members  of  the  series. 

.  It  would  therefore  seem  that  the  process  which  occasioned 
the  latter  deposit  was  going  on  at  the  very  time  at  which  the 
trachyte  was  formed,  so  that  this  latter  must  be  attributed 
to  the  same  epoch  in  the  history  of  our  planet,  namely, 
lo  that  immediately  |>receding  the  commencement  of  the 
existing  order  of  things. 

The  mo^t  elevated  point  in  the  trachytic  and  clinkstone 
formation  of  this  part  of  France  is  the  Mont  Mezen,  which 
rises  to  the  height  of  5900  feet  above  the  level  of  the  sea : 
and  the  next  in  point  of  height  is  the  singular  conical  hill 
called  Gerbier  de  Jones,  which  is  composed  entirely  of 
clinkstone  porphyiy,  so  fissile  as  to  be  used  for  a  roofing  slate. 

Nefir  the  Mount  Mezen  I  observed  a  small  lake,  that  of 
St.  Front,  having  somewhat  the  appearance  of  an  extinct 
prater,  but  there  is  little  in  the  chai*acter  of  the  surrounding 
locks  to  countenance  such  an  opinion. 

The  whole  indeed  of  this  elevated  table-land  appears  to 
have  been  formed  not  only  at  a  very  ancient  period,  but 
even  ^nder  different  circumstances  fi*om  those  of  existing 
volcanos ;  and  even  supposing  craters  to  have  ever  occurred 
in  the  midst  of  it,  we  may  conclude  that  they  would  have 
been  obliterated  by  the  same  agents  which  excavated  the 
Tallies  seen  every  where  intersecting  them. 

It  is  interesting  to  remark,  that  the  same  tuff  occurs  mant* 
ling  round  this  ridge  on  its  eastern  as  on  its  western  slope  ; 
and  here  also  its  date  is  probably  earlier,  as  no  fragments  of 
trachyte  are  found  imbedded ;  so  that  it  seems  difficult  to 
account  for  the  relative  position  of  the  two,  unless  we  sup- 
pose the  trachyte  of  the  Mezen  to  have  been  thrown  up 
through  It  by  the  agency  of  subterranean  heat. 
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Thus  during  the  period  immediately  antecedent  to  that  at 
which  man  and  other  exisiing  species  of  Mammalia  first 
came  into  being,  at  a  time  when  the  lower  parts  of  the  coun- 
try was  still  under  water,  but  the  higher  had  become  peopled 
wlthvarioua  tribes  of  laud  animals,  the  neighbourhood  of 
the  Puy  appears  to  have  been  agitated  by  volcanos,  which 
overspread  the  country  with  their  ejected  materials,  caused, 
the  destruction  of  the  animals  that  existed  there,  and,  ac- 
cording to  M,  Roux,  obstructed  the  drainage  of  the  district, 
and  consequently  raised  the  waters  to  a  still  higher  level 
than  before.  The  ejected  maierials,  intermixed  with  frag- 
ments of  older  rocks  washed  down  at  the  same  time  from  the 
neighbouring  high  ground,  were  dcpnsited  at  the  bottom  of 
the  watei',  forming  the  immense  masses  of  tutf  which  now 
cover  the  valley  of  Puy,  and  during  the  latter  part  of  the 
period  occupied  by  this  process,  the  same  volcanic  forces 
elevated  from  the  midst  of  the  then  existing  lake  the  tra- 
chylic  rocks  which  constitute  the  ridge  of  Mont  Mezen. 

But  besides  these  traces  of  volcanic  action  at  a  period 
antecedent  to  the  formation  of  the  valleys,  the  neighbour- 
hood of  the  Puy,  no  less  than  the  province  of  the  Vivarais 
which  bounds  it  on  the  south-east,  exhibits  also  decided 
evidence  of  post-diluvial  eruptions  having  taken  place. 

West  of  the  town  of  Puy  is  a  series  of  little  volcanos, 
amounting  according  to  M.  Berirand  Roux  to  more  than  a 
hundred,  the  two  most  remarkable  of  which  are  the  Lake 
de  Bouchet  and  the  Crater  of  Bar.  The  former,  which  is 
situated  near  the  villages  of  C'ayre  and  Boiichel,  is  of  an 
elliptical  form,  and  without  any  outlet.  Its  depth  is  about 
90  feet,  and  its  greatest  diameter  2300.  The  character  of 
the  rocks  in  its  neighbourhood  correspondB  very  well  with 
the  idea  of  its  volcanic  origin.  The  crater  of  Bar  is  placed 
on  an  isolated  mountain  in  the  midst  of  granite,  forming  a 
truncated  cone  about  S0,000  feet  in  circumference  at  its 
base,  and  830  in  height.  It  is  composed  entirely  of  lapitii  ( 
and  scoriform  lava,  and  on  its  summit  is  the  crater,  which 
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n  almost  perfect,  1660  £eet  in  diameter,  and  190  in  depth. 
It  appears  that  a  lake  once  existed  there,  but  it  is  now 
nearly  dried  up.* 

Among  the  volcanos  that  occur  to  the  east  of  the  basin  of 
the  Puy  among  the  mountains  of  the  Vivarais,  one  of  the 
most  remarkable  is  that  called  the  Coupe  au  Colet  d' Aisa^ 
near  the  town  of  Entraigues.  It  is  a  conical  hill,  having  on 
its  slope  a  stream  of  basaltic  lava,  which  according  to  Faujas 
St.  Fond  may  be  traced  on  the  one  hand  from  a  crater- 
shaped  cayity  on  its  summit,  and  may  be  followed  on  the 
other  to  the  very  bottom  of  the  valley  at  its  foot. 

It  is  interesting  to  remark  that  a  stream,  the  course  of 
which  was  at  one  time  obstructed  by  the  lava  which  has 
flowed  into  the  valley,  has  cut  itself  a  new  channel  through 
the  midst  of  it,  and  that  the  portion  of  the  rock  which  forms 
the  bed  of  the  river,  or  lies  immediately  above,  alone  ex- 
hibits a  columnar  arrangement. 

The  same  remark  applies  to  that  line  of  basaltic  columns 
seen  extending  along  the  borders  of  the  river  Volant,  be- 
tween Yals  and  Entraigues,  which,  though  they  doubtless 
extend  above  the  level  attained  by  the  stream  at  present,  are 
nevertheless  confined  to  the  lower  portions  of  the  rock.  ^ 

Similar  basaltic  colonnades  occur  in  many  of  the  other 
vallies  that  intersect  the  mountains  of  the  Vivarais,  and  I 
believe  their-  position  in  every  instance  corresponds  with 
that  already  pointed  out. 

In  the  case  of  the  one  which  extends  along  the  borders  of 
the  river  Auliere,  near  the  village  of  Colombier,  the  follow- 
ing section  is  exposed,  which  serves  very  well  to  illustrate 
the  age  and  mode  of  formation  which  I  have  assigned  to 
this  rock* 

Ist.  The  base  of  the  hill,  on  the  borders  of  the  river,  is  a 
bed  of  rolled  pebbles,  consisting  of  the  granite  and  older 
volcanic  rocks  of  the  neighbouring  province. 

2d.  Resting  on  this  is  a  bed  of  quartzy  sand  mixed  with 
particles  of  black  lava. 

♦  See  M.  Bertrand  Roux  iur  Icf  env.  de  Puy. 
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3d.  Masses  of  black  porous  lava  covered  by  the  prismatic 
baealt,  which  again  serves  as  a  support  for  masses  of  porous 
lava  extending  upwards  for  200  feet  towards  the  conical 
pea'titm  of  the  bill  of  Montpezat,  fi'om  which  it  hits  pro- 
bably descended,  although  all  vestiges  of  a  crater  are 
obliterated  on  its  summit.* 

i  shall  not  detain  you  by  enumerating  ihe  oilier  post- 
diluvial volcanic  [iMroducts  which  I  noticed  in  ihe  Vivarais, 
aa  my  examination  vras  of  a  very  hasty  nature,  and  limited 
to  ascertaining  llieir  general  relations.  There  is  indeed  bo 
much  of  a  common  character  in  the  post- diluvial  lavas  of 
that  country,  that  a  detailed  description  would  be  of  more 
interest  with  reference  to  the  topography  of  that  part  of 
France,  than  to  the  natural  history  of  volcanos  in  general. 
Compared  however  with  the  products  of  Etna  and  Vesuvius^ 
they  present  one  important  difference,  namely,  in  their  xaoto 
compact  and  basaltic  appearance  ;  connected  with  which  is 
the  general  occurrence  of  a  columnar  arrangement,  not 
derived  like  that  met  with  in  the  latter  localities,  from  the 
contraction,  and  consequent  splitting  of  the  mass^  but 
arising  probably  out  of  a  tendency  to  form  a  series  of  glo- 
bular concretions,  which  the  pressure  exerted  by  the  parts 
upon  each  other  has  reduced  to  prisms  more  or  less  regular 
according  to  the  circumstances  of  the  case.t 

The  great  similarity  that  exists  between  the  volcanic  for- 
mations of  Auvergne  and  of  the  Vivarais,  in  age  as  well  aa 
in  character,  is  sufficiently  apparent  from  the  facts  already 
stated. 

In  both  countries  we  have  proofs  of  volcanic  eruption* 
which,  though  not  noticed  by  history  or  tradition,  must 
have  been  posterior  to  the  formation  of  the  vallies,  and  in 
both  instances  we  observe  a  more  extensive  formation  of 
trachyte  and  of  tuff,  indicating  the  operation  of  the  same 
causes  at  a  period  which,  though  antecedent  to  die  latter 

•  SeeFBujusSl-Fond.  VolcanBduVivBrfiiH. 

t  Bee  tlli«  more  fully  eKplaioed  tn  my  fourth  Lecture. 
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eppch,  were  eithe^:  subsequent  to^.  or  coincident  wilh^  diat 
of  the  d^Kisilion  of  the  latest  clasd  of  rock  f(»matioa6. 
.  I41  either  case  the  general  tenor  of  the  phsenomena  leads 
us  alike  to  the  coivclusion,  that  the  period^  at  which  these 
latter  mentioned  eruptions  must  hd.ve  occurred,  was  that,  at 
which  the  ^eat  mass  of  the  ocean  had  retired,  baring  left 
howeyer  in  the  hollows  those  lakes,  to  which  we  attribute 
the  formation  of  the  calcareous  and  gypseous  deposits  con- 
taining freshw^ier  sh^s,  seen  alike  in  the  Tallies  of  Cantal, 
of  the  Limagne,  atnd  of  the  Puy. 

These  eruptions  seem  more  generally  to  have  given  rise  to 
ai  formation  of  volcanic  tuff  or  l^eccia,  but  associated  vrith 
the  latter  are  those  trachytic  lavas,  which  seem  referable  to 
thcf  same  or  to  a  somewhat  more  recent  epochu  The  trachyte 
of  Cantal,  for  exaanple,  seems  to  be  contemporaneous  with 
the  tuff  which  alternates  with  the  freshwater  limestone  at 
Salers,  but  its  greater  compactness,  and  the  absence  of  cel« 
lular  products,  lead  us  to  imagine  it  more  ancient  than  the 
luialogous  formation  which  I  have  described  as  existing  ill 
(he  Mont  Dor.  This  corre^)onds  well  vrith  what  M« 
Bertrand  Roux  has  inferred  with  respect  to  the  age  of  the 
trachyte  and  porphyry  slate  of  the  Mezen,  which  .he  con- 
cludes to  be  more  modern  than  the  greater  part  of  the  tuff 
that  surrounds  it,  from  the  occurrence  of  fragments  of  these 
rocks  only  in  its  upper  strata. 

Evidences  of  volcanic  agency  are  not  exclusively  confined 
|o  the  districts  of  France  we  have  been  considering,  they 
occur  likewise  still  farther  ^outh  among  the  Cevennes,  and 
near  the  diores  of  the  Mediterranean  in  the  neighbourhood 
of  Marseilles,  and  of  Montpellier. 

Of  these  the  rock  which  has  been  most  noticed  by  geolo- 
glists  is  that  of  Beaulieu,  near  Aix  in  Provence,  described 
by  Saussure,  Faujas  St.  Fond,  and  still  more  lately  by 
Menard  de  Groye.*    It  is  stated  by  the  latter  as  about  1200 

*  See  Journ  de  Phys.  vol.  82,  83. 
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fathoms  in  length,  six  or  seven  hundred  in  breadth,  and 
rising  to  about  two  hundred  fathoms  above  the  level  of  the 
sea.  It  is  composed  of  basalt  which,  as  we  trace  it  down- 
wards, is  seen  to  pass  into  a  very  crystalline  greenstone,  and 
is  covered  by  an  amygdaloidal  wacke,  the  cells  of  which  are 
empty  near  the  surface,  probably  from  the  decay  of  the 
rock,  but  in  the  interior  are  filled  with  calcareous  matter. 
The  latter  is  sometimes  so  diffused  through  the  substance  of 
the  rock,  that  it  forms  with  it  a^  kind  of  breccia,  and  even 
swells  out  into  nests  or  geodes  of  considerable  size,  imbedded 
in  the  midst  of  the  tuff.  Shells  are  also  contained  in  this 
formation,  and  serve  to  connect  it  still  more  closely  wit& 
the  limestone  covering  it,  the  recent  origin  of  which  may 
be  inferred  from  the  existence  in  it  of  bones  of  ruminating 
animals.  The  limestone  is  compact,  and  passes  into  a  sili- 
ceous kind  of  rock,  probably  a  chert,  which  is  called  by 
Haiiy  quartz  agate  calcifere. 

Upon  the  whole  I  suspect  that  the  basalt  of  Beaulieu,  like, 
the  rocks  of  Auvergne  and  the  Vivarais,  belongs  to  the  epoch 
at  which  the  tertiary  class  of  rocks  were  formed,  though  M. 
Menard  de  Groye's  account  is  not  such  as  to  be  completely 
decisive. 

Neither  is  there  any  thing  in  the  structure  of  the  rock  of 
Beaulieu,  so  far  as  we  can  judge  from  his  description,  which 
can  be  viewed  as  establishing  its  volcanic  origin  more  fully 
than  might  be  done  in  the  case  of  almost  every  other  trap 
rock,  for  the  analogies  he  has  pointed  out  between  the  pro- 
ducts of  existing  volcanoes  and  those  of  which  he  has  given 
us  an  account,  would  hold  good  equally  in  every  other  case, 
and  the  evidence  of  igneous  injection  derived  from  the  fnre- 
sence  of  dykes  is  in  this  instance  wanting. 

A  league  to  the  south-east  of  Agde,  a  town  placed  hear 
the  sea  at  a  distance  of  about  twelve  miles  west  of  Cette  in 
Languedoc,  is  the  hill  of  St.  Loup,  which  belongs  to  the 
most  recent  order  of  volcanos.* 

*  See  Journal  des  Mines,  No.  141,  p.  2SI. 
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Its  crater,  which  is  considerable,  has  giyen  rise  to  two 
currents  of  lava,  on  one  of  which  the  town  of  Agde  is 
erected,  whilst  the  other,  having  taken  the  direction  of  the 
sea,  has  formed  a  neck  of  land  called  Cape  Agde,  and  a 
little  island  at  a  short  distance  from  the  shore. 

M.  Marcel  de  Serres  has  also  described  two  other  rocks 
to  which  he  assigns  the  same  origin  and  date ;  the  one  that 
of  St.  Thibery  about  four  miles  north  of  Agde,  the  other 
that  of  Montferrier  near  Montpellier.  The  latter  I  visited 
some  years  ago,  and  found  to  consist  entirely  of  compact 
trap,  so  that  I  should  be  disposed  to  view  it  as  considerably 
more  ancient 


On  the  Volcanos  of  Germany. 

After  this  general  description  of  the  Volcanos  of  France, 
I  shall  proceed  to  lay  before  you  a  short  sketch  of  those 
which  occur  distributed  over  various  parts  of  Germany. 

Although  no  active  volcanos  are  found  in  any  part  of  that 
extensive  country,  and  the  recognition  of  those  which  are 
extinct  dates  only  from  the  last  century,  yet  those  who  have 
visited  the  spots  themselves  will  feel  no  more  doubt  as  to 
their  having  once  existed,  than  an  American  who  had  wit- 
nessed the  burning  mountains  of  his  own  hemisphere,  but 
had  never  heard  of  those  in  Europe,  would  entertain  with 
respect  to  the  real  nature  of  Vesuvius,  if  landed  at  its  foot 
when  it  chanced  to  be  in  a  tranquil  state. 

This  remark  applies  to  no  case  more  completely  than  to 
that  of  the  rocks  which  occur  in  a  district  commonly  known 
by  the  name  of  the  Eyfel,  situated  between  the  Rhine  and 
the  present  frontier  of  the  Netherlands.* 

*  This  account  of  the  Rhine  volcanos  is  principally  diawn  (where  the  reverse 
is  not  stated)  from  observations  made  by  myself  during  a  tour  in  that  country 
in  the  Summer  of  1825* 
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This  country  is  bounded  on  tfaesouth'^eastbytheMasfile, 
on  the  north'^east  by  the  Ahine,  on  the  "west  by  the  ArdemwB 
-and  the  other  mountains  round  Spa  and  Mahnedi,  and  om 
4he  soiUh  by  the  lerel  country  about  Cologne. 

The  fundamental  rock  which  comes  to  view  is  clay-slate, 
fHSSociated  with  greywack^,  and  with  a  saccharoid  magnesian 
limestone  containing  trilobites  and  other  petrifactions,  which 
stamp  it 'as  belonging  to  the  'transition  series. 

These  rocks  in  a  few  'places  support  horieontal  beds  of 
what  appears  to  be  the  -second  or  variegated  sandstone  for^ 
mation.  Scattered  however  over  the  greater  part  of  the 
district  alluded  to,  are  a  number  of  little  conical  eminenoes, 
often  with  craters,  the  bottoms  of  which  are  usually  sunk 
much  below  the  present  level,  and  have  thereby  in  many 
cases  received  the  drainage  of  the  surrounding  country,  thus 
forming  a  series  of  lakes,  known  by  the  name  of  ''  Maars,** 
which  are  remarkably  distinguished  from  Chose  elsewhere 
seen  by  their  circular  form,  and  by  the  absence  of  any  appa- 
rent outlet  for  their  waters. 

Steininger,  *  a  geologist  of  Treves,  who  has  published 
the  most  circumstantial  account  of  this  district  that  has  yet 
appeared,  distinguishes  these  craters  into  three  classes. 

The  first  includes  those  properly  speaking  known  by  the 
name  of  "  Maars," — volcanos,  which  have  ejected  nothing 
but  loose  fragments  of  rock  with  sand  and  balls  of  scoriform 
lava.     In  this  class  are : 

1.  The  Lake  of  Laach. 

2.  The  Maar  of  Ulmen. 

3.  Three  Maars  at  Daun. 

4.  Two  at  Gillenfield. 
6.  One  at  Bettenfield. 

6.  One  at  Dochweiler. 

7.  One  at  Walsdorf. 

8.  One  at  Masburck. 

No.  6  and  7,  however,  have  fallen  in. 

t  See,  for  an  enumeration  of  his  works,  the  Appendix. 


The  second  class  is  distinguished  from  the  ipreceding  in 
oonsistiag  of  those  which  have  gected  fragments  of  slag, 
■sometimes  loose,  and  sometimes  cemented  ;t6getiier  into  /a 
'paste.    Of  this  denomination  are ; 

1.  Three  Craters  at  Gillenfield. 

2.  Two  at  Bettenfield. 

3.  One  at  Gerolstein. 

4.  One  at  Steffler. 

5.  Two  at  Boos. 

6.  One  at  Rolandseck. 

The  third  class  includes  such  volcanos  as  have  given  out 
streams  of  lava  as  well  as  ejections  of  loose  substances.  Ctf 
these  latter  we  may  mention : 

2.  Two  at  Bertrich  (one  very  smallj. 

3.  One  at  BettenBdd  (t^  Mosetiburg:). 
4*  One  at  Ittersdotf. 

5.  One  at  Gerolstein. 
€•  One  at  Ettringen. 

Thus  the  whole  number  of  ^cvaters  in  the  Eyfd  distnct, 
including  those  of  the  same  date  that  are  scattei^  al<mg 
and  near  the  left  bank  of  the  Rhine  within  the  limits  marked 
out,  appears  to  be  not  less  than  thirty. 

The  sides  of  these  craters,  wherever  their  structure  was 
discernable,  appeared  to  me  to  be  made  up  of  alternating 
strata  of  volcanic  sand  and  fragments  of  scoriform  lava, 
dipping  in  all  directions  away  from  the. centre  at  a  consider- 
able angle,  and  the  same  kind  of  material  .has  in  many 
instances  so  accumulated  round  the  cones,  as  to  oblitecate 
in  great  measure  the  hollow  between  them,  and  to  raise  the 
level  of  the  country  nearly  up  to  the  brim  of  the  crat^B. 

The  formation  of  these  cones  seems  likewise  to  hsare  been 
in  some  instances  followed  by  an  ejection  of  substances  oTa 
pumiceous  character,  and  the  same  kind  of  material  (whether 
derived  from  these  or  from  some  ant^cedeiit  •  eruptions,  (wUl 
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be  aftei"warda  considered),  is  spread  widely  over  the  country 
bordering  on  the  Rhine,  either  in  loose  strata  alternating 
■with  beds  of  a  loamy  earth,  derived  probably  from  sub- 
stances in  a  minute  state  of  division  thrown  out  by  the 
game  volcano,  and  mixed  up  into  a  paste  with  water ;  or 
else  forming  masses  of  considerable  thickness,  in  which  the 
fragments  of  pumice  are  intermixed  with  the  latter  sub- 
Btance,  and  constitute  together  with  it  a  coherent  mass 
I  known  by  the  name  of  Trass. 

The  volcanos  of  the  Eyfel  are  also,  as  above  noticed, 
I  ^companied  by  streams  of  lava,  but  these  have  not,  in  my 
P  .opinion,  like  the  generality  of  those  seen  elsewhere,  beea 
^'Batisfactorily  traced  to  the  cratere,  but  seem  rather  to  have 
I  ^owed  from  the  sides  or  base  of  the  mountains  with  which 
'  they  are  respectively  connected. 

These  Coulees,  like   the  volcanic  cones  themaelves,  are 

\  sometimes  almost  bailed  under  heaps  of  matter  eiibsequently 

ejected,  so  that  in  the  lava  of  Niedemiennig,  the  quarry, 

^  from  whence   the  millstones  are  obtained,  is  worked  at  a,, 

depth  of  eiglity  feet  from  the  present  surface.     They  are  ia 

eome  cases  analogous  to  the  ejections  of  existing  volcano% 

[  ibui  at  others  they  possess  more  of  a  basaltic  character,  being 

P  fteex  from  cells  than  true  lavas  generally  are,  although  U- 

r^Bsn  be  demonstrated  that  they  too  are  (geologically  speak* 

ing)  of  modern  formation,  inasmuch  as  they  follow  the  in* 

r  )l^ination  of  the  valiies,  and  must  therefore  have  flowed  since 

pl^e  latter  were  excavated. 

The  above  remarks  may  suffice  for  a  general  description 
C  nf  the  Eyfel  volcanos.  I  shall  now  therefore  proceed  to  par* 
I  ticularisc  two  or  three  of  the  more  important. 

Beginning  with  the  country  nearest  the  Rhine,  which  i» 
f'%nown  by  the  name  of  the  Maifeld,  let  us  first  consider  the 
1  remarkable  c>ater  called  the  Lake  of  Laach,  which  occurs 
I  near  Andernach,  a  few  miles  west  of  the  Rhine. 

The  lake  of  Laach  is  perfectly  round,  and  embraces  a 
[  tarcimiference  of  two  miles.  Its  sides  are  overgrown  with 
firood  front  the  level  of  the  water  up  to  th«  brim  ef  the 
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KMter,  i^ich  is  reached  externally  by  a  gentle  ascent  not  at 
all  in  propocdon  to  the  depth  of  the  internal  cavity. 

The  thickness  of  the  vegetation  renders  it  difficult  to  dis-^ 
cover  the  nature  of  the  subjacent  rock,  but  it  appears  to 
eonsist  of  a  black  cellular  lava  full  of  augite.  Besides  this 
however,  the  sides  of  the  crater  present  numerous  loose 
masses,  which  appear  to  have  been  ejected,  and  consist  of 
^ssy  felspar,  ice-spar,  sodalite,  hauyne,  spinellane,  and 
•leucite.  It  will  be  seen,  when  I  come  to  speak  of  the  neigh- 
bourhood of  Naples,  how  remarkable  is  the  resemblance 
between  these  products  and  the  ejected  masses  found  on  the 
fliope  of  Veauvius. 

Not  mufh  above  a  mile  from  this  spot  is  the  rock  qf 
Niedermennig,  so  extensively  quarried  for  millstones ;  but 
diougfa  this  has  all  the  appearance  of  a  stream  of  lava,  no 
one  has  as  yet  succeeded  in  tracing  it  either  to.Laach  or  to 
any  other  neighbouring  volcano. 

The -lava  is  divided  by  vertical  fissures  into,  irregular 
coluDmar*  masses,  some  twenty  feet  in  height,  and  these 
columns  cut  horizontally,  and  having  their  angles  rounded 
off,  are  fashioned  into  millstones,*  for  which  they  are  well 
adapted  firom  the  unevenness  of  their  fracture,  derived  from 
tlie  infinite  number  of  minute  cells  distributed  through  the 
substance  of  the  rock. 

•  It  is  only  the  middle  portion  however  of  this  bed  which 
can  be  so  employed,  for  in  the  upper  not  only  are  the  pores 
too^coasidefable,'  but  the  concretions,  being  smaller  than 
thej  are  beloW)  scarcely  afford  masses  of  sufficient  mag- 
nitude for  the  purpose  intended. 

Thisxlifference  arises  from  the  greater  siase  of  the  fissures 

'  *  Tbe  same  use  appears  to  have  been  made  of  the  Lavas  of  Etna  by  the 
ailelents.    See  Corn.  Sev;  Etna. 

Quin  etiam  vario  qusedam  snb  nomine  saxa 
TotomonteJiquant;  ilh's  enstodia  flamme 
Vera  tenaxque  data  est;  aed maxima  cauia  molarU ,    l-  \  •  ■ 
Jllkn^metitUlapit^isaibiviadieaiJSinam.  ^^    v  j 
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vhicli  extend  vertically  through  the  substance  of  the  rock 

ihese,  of  considerable  width,  at  top,  contract  gradually  aa 

^hey  descend,  until  they  at  length  disappear  altogether,  and 

'in  consequence  impart  to  the  separate  columns  of  rock  a 

I  •'tapering  form,  gradually  enlarging  in  bulk  from  above  down- 

I  'Wardg,  nniil  the  whole  is  at  bottom  confounded  into  one 

§  'ttolid  and  entire  mass. 

Hence  the  rock  of  Niedermennig  is  distinguished  by  the 
"workmen  into  three  portions,  which  they  compare  to  the 
I  'top-branches,  the  trunk,  and  the  root  of  a  tree.  The  upper 
ior  top-branches*  la  that  in  which  the  columnar  conci-etions 
are  too  small  to  be  worth  working;  the  lower  or  root,  that 
'in  which  the  concretionary  structure  is  lost  by  the  final  dis- 
appearance of  the  fissures;  the  central  or  trunk,  that  in 
'Which  the  cohimna  arc  of  a  size  adapted  for  millstones  of 
'the  usual  dimensions. 

The  lower  part  of  the  rock  having  never  yet  been  pene- 
trated, it  is  impossible  to  state  the  exact  thickness  of  the 
whole,  but  the  upper  portion  not  worked  is  stated  at  seven, 
'and  the  central  from  15  to  40  feet  in  thickness. 
'  The  lava  of  Niedermennig  is  interesting  for  the  variety  of 
'extraneous  substances  imbedded  in  it.  In  the  midst  of  the 
'"Volcanic  mass  we  observe,  not  only  hauyne,  magnetic  iron 
ore,  and  other  crystallized  minerals,  but  even  portions  ©f 
'limestone,  of  quartz,  oi"  of  an  intermixture  of  quartz  and 
'felspar  in  the  state  of  kaolin,  which  looks  like  the  altered 
"fragments  of  some  granitic  rock.  The  whole  is  buried  at 
"a  depth  of  more  than  sixty  feet  from  the  present  surfoce 
under  a  succession  of  strata  consisting  either  of  loam,  the 
ongin  of  which  will  be  discussed  afterwards,  or  6f  a  con- 
geries of  rolled  masses  of  pumice  and  scoriform  lava  with 
those  of  all  the  difierent  rocks  found  in  the  neighbourhood, 

■  Thp  upper  portion  is  called  ktp/e,  filachen  or  aale;  theniiddle  itUtmtn  oi 
fJanimr ;  the  lownr  whlgaloH  oi  diiUtiia.  For  these  and  oilier  particular!  IM 
Noggrrmh  iiher  Fu^^ik  BauitislBinrnG,  Bonn  18)!),  P.60^ieq. 
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tlie  whole  loosely  bound  together  by  an  earlhy,  loose,  loamy 
?and. 

From  the  lake  of  Laach  to  the  little  town  of  Gerolstein, 
about  thirty  miles  westward,  a  continued  succession  of  vol- 
canic cones,  with  craters,  presents  itself. 

Of  these  none  is  more  curious  than  that  of  Gerolstein, 
which  derives  moreover  an  additional  interest,  as  the  spot 
which  Von  Buch  has  selected  for  one  of  his  proofs  of  the 
singular  theory  he  has  lately  advanced  with  respect  to  the 
conversion  of  conifliion  limestone  into  dolomite  by  volcanic 
agency. 

The  town  of  Gerolstein  is  built  in  a  narrow  valley  be- 
tween two  ridges  of  limestone,  each  side  presenting  a 
precipitous  escarpment,  owing  to  the  projection  of  occasional 
masses  of  the  rock  beyond  the  soil  which  covers  in  general 
the  surface  of  the  hill.  This  limestone  is  highly  crystalline, 
and  has  all  the  characters  of  dolomite ;  it  contains  numerous 
corallines,  triiobitea,  and  other  petrifactions  belonging  to 
the  transition  series. 

The  slope  of  the  hill  fronting  Gerolstein,  like  that  at  the 
back  of  the  town,  is  wholly  calcareous,  but  on  reaching  its 
summit  we  soon  discover  traces  of  volcanic  operations. 

If  we  commence  our  examination  with  the  western  ex- 
tremity of  the  ridge,  which  lies  about  half  a  mile  beyond 
Gerolstein,  we  observe  a  conical  mass  of  alaggy  lava  thrown 
up  between  the  limestone  strata,  which  are  distinctly  seen 
both  north  and  south  of  it. 

Connected  as  it  would  appear  with  this,  is  a  mass  of  lava 
which  occxipies  the  centre  of  the  western  slope  of  the  ridge, 
and  may  be  traced  to  a  considerable  distance  over  the  plain 
at  its  foot,  divided  however  into  two  branches  by  a  project- 
ing mass  of  the  calcareous  rock  which  it  meets  with  on  its 
descent. 

The  cellular  and  even  scoriform  appearance  of  this  lava, 
coupled  with  the  manner  in  which  it  has  accommodated  it- 
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self  to  the  present  slope  of  the  mountain,  leads  one  to  coj^r 
sider  it  a  modem  coulee/  but  I  could  not  satisfy  mjadf 
that  it  had  proceeded,  as  is  usually  the  case,  fiom  a  crater. 

There  is  indeed  on  the  summit  of  the  ridge  from  ivlienct 
the  laTa  proceeds,  a  little  beyond  the  conical  eminence 
aboTe  noticed,  a  crater-shaped  cayi^  snirounded  by  ^iol- 
canic  matter,  but  with  this  the  stream  of  lava  seen,oii  dur 
slcfie  of  the  mountain  does  not  iqppear  to  have  any  ool^ 
nection. 

Othec  patches  of  the  same  kind  of  rock,  chiefly  of  a  slaggy 
charact^,  occur  along  the  summit  of  this  ridge  east  €)(  llie 
crater,  which  perhaps  haye  been  separately  thrown  up  fay  a 
succession  of  small  Tolcanic  ejections  unaccompanied  by 
streams  of  lava.  At  the  eastern  extremity  however  of  the 
lidge  we  are  somewhat  surprised  to  discover  a  small  but 
abrupt  knoll  of  compact  basalt  called  the  Casselbuig,  the 
site  of  a  ruined  castle,  placed  ^parently  under  the  same 
circumstances  with  the  cones  of  scorifbrm  lava  before  meor 
tioned.  It  covers  a  bed  of  variegated  sandstone  which  re9ts 
upon  the  dolomite,  but  the  line  of  junction  is  so  concealed 
with  wood,  that  it  is  impossible  to  ascertain  whethn*  the 
basalt  lies  upon  the  contiguous  rock,  or,  as  is  most  probaUei 
has  been  forced  through  it. 

Von  Buch,  who  has  persuaded  himself  firom  some  fiicts 
observed  in  the  TvroL  that  dolomite  limestone  derives  its 
magne»a  fiom  the  au^te  of  lavas,  ajqpeals  to  its  occurraioe 
at  Gerolst^n  in  connection  with  so  much  volcanic  mattar 
as  ccmfirming  the  truth  of  his  hypothesis.*  But  it  seems 
difficult  to  reconcile  this  opinion  with  the  age  vrhich  we  are 
compeDed  to  assign  to  the  volcanic  operations  here  as  vreU 
as  in  other  parts  of  the  Eviel.  As  it  is  evident  that  no 
forugn  ingredient  could  penetrate  the  substance  of  the  rock 
in  its  present  hardened  condition «  so  as  to  unite  with,  the 
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other  constitu^ts,  and  difiuse  itself  uniformly  throughout 
tlie  mass,  it  seems  necessary  forVon  Buch's  hypothesis  to  sup- 
pose the  limestone  to  have  previously  been  at  least  softened 
by  the  heat,  which  occasioned  the  sublimation  of  the  mag- 
nesia. Hence  we  should  be  obliged  to  fix  the  period  at 
which  this  process  took  place  as  antecedent  to  the  formatibii 
of  the  Tallies,  for  these  would  be  necessarily  obliterated  by 
any  softening  of  the  limestone  which  now  overhangs  them. 

Indeed  it  would  be  necessary  to  carry  back  this  supposed 
softening  of  the  calcareous  rock  to  some  period  antecedent 
.to  .the  retirement  of  the  ocean,  when  sufficient  pressure 
might  be  exerted  to  prevent  the  carbonic  acid  from  being 
"driven  off  from  the  limestone  when  exposed  to  the  heat 
required  for  softening  it. 

But  all  this  is  completely  contradicted  by  the  phenomena 
pf  the  volcanic  products  in  question,  tl^e  cellular  appearance 
•of.  which  plainly  indicates  the  absence  of  pressure,  and 
which  even  seem  from  the  e^Bstence  in  them  of  craters, 
arid  by  the  manner  in  which  they  have  accommodated  them- 
selves to  the  present  slope  of  the  vallies,  to  have  been  fbimed 
since  the  commencement  of  the  present  order  of  things. 

The  following  section  may  serve  to  give  a  clearer  notion 
of  the  relative  situations  of  the  rocks. 

Section  of  the  rock  on  either  side  of  Gerolsteinfrom  North 

to  South. 


A  and  B  are  two  hiHs  composed' of  dolomite,  ^nd  in  the  centre  of  B  is  the 
.  little  ctater  *  v  consii ting  of  slug  and  gcori«e.    C  the  yalley  on  which  GeroUtein 
stands,  which  would  be  filled  up,  if  the  rpcks  on  either  side  liad  been  fused  or 
softened. 


5i        Post-dilttviat  Volcanic  Rocks 


MOSEHBERG. 


A  few  miles  south  of  Gerolatem  occurs  another  volcanic 
I  hill,  called  the  Mosenberg,  the  structure  ©rwhich  is  alstT 
[  very  remarkable. 

It  constitutes  a  long  round-backed  eminence,  on  the  edg^ 
'  of  which,  and  but  slightly  elevated  above  the  general  level] 
'  ^re  three  crateis,  two  of  which  are  perfect,  the  third  broken 

sway  on  its  southtrn  extremity, 
I  These  craters,  as  well  as  the  whole  of  the  high  ridge  on 
f  trhich  they  stand,  are  composed  of  slag,  but  at  the  basis  or 
the  hill,  just  below  the  point  at  which  the  crater  is  broken 
away,  is  seen  a  mass  of  basaltic  lava,  very  slightly  cellular^ 
which  continues  in  an  easterly  direction  for  about  half 
a  mile.  It  has  all  the  appearance  of  a  coulee,  and  most 
writers  have  regarded  it  as  derived  from  tlie  craler  which  is 
broken  away  on  the  side  nearest  it.  With  regard  to  the 
latter  point,  I  must  confess  myself  not  altogether  satisfied, 
having  failed  in  tracing  the  basalt  up  to. the  crater  itself 
and  I  am  the  more  confirmed  in  my  scepticism,  because  the 
ridge  which  it  forms  appeared  to  me  to  extend  considerably 
west  of  the  point  at  which  it  would  have  commenced,  had 
it  descended  from  the  side  of  the  crater  which  is  broken 
away. 

Among  the  phtenomena  connected  with  this  mountain, 
not  one  of  the  least  curious  is  the  craf  er-shaped  cavity  called 
the  Meerfeld,  which  lies  at  its  northern  extremity.  It  is 
perfectly  round,  and  sinks  regularly  towards  the  centre, 
where  is  a  small  lake,  so  that  its  resemblance  to  the  other 
"  Maars"  of  the  Eyfel  district  is  complete.  On  examining 
however  its  sides,  we  do  not  find  a  single  trace  of  volcanic 
matter,  the  whole  circumference  of  the  hollow  being  com- 
posed of  clay  slate. 

Viewed  in  connection  with  the  surrounding  country,  it 
seems  impossible  to  attribute  it  to  any  other  than  to  volcanic 
Agency,  ditfering  only  from  the  other  craters  in  its  being 
caused  by  a  disengagement  of  elastic  vapours,  unaccompanied 
by  any  ejection  of  solid  matter. 
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\,The  only  uthet  volcanic  appearances  I  shall  slop  to  par- 
ticularize, are  those  exhibited  near  the  Baths  of  Bei'Uich, 
not  far  from  the  road  between  Coblentz  and  Treves, 

Bertrich  lies  in  a  narrow  valley  that  has  been  excavated, 
in  the  great  table-land  of  greywacke  slate,  which  occupies 
so  large  a  portion  of  ihe  district  we  are  coniiidering.  To 
the  north,  just  where  the  slope  begins,  we  may  observe  a 
small  coiucal  hillock,  called  the  Falkenlei,  presenting  a  pre- 
cipitous front  towards  the  valley,  but  on  the'  opposite  side 
sinking  more  gradually  into  the  table-land.  It  consists  en- 
tirely of  slaggy  or  cellnlar  basaltic  lava,  the  former  variety 
constituting  the  upper,  the  latter  the  lower  parts  of  the 
formation.  At  a  little  diutance  to  the  N.  W.  occurs  au- 
other  hillock,  rising  conically  from  the  same  table-land  ne^r 
the  coramencemenL  of  the  valley,  which  differs  from  the 
Falkenlei  in  enclosing  a  small  but  regular  crater.  Divided 
from  the  above  by  a  round  hollow  in  the  clay-slate  forma- 
tion, or  more  properly  a  circular  enlargement  of  the  valley, 
is  another  more  considerable  volcanic  hill,  called  the  Facher- 
buhe,  situated  likewise  on  the  brim  of  the  hill,  but  rather 
to  the  S.  E.  of  the  other  eminences.  This  is  also  conical, 
and  has  a  crater  broken  away  on  its  southern  side. 

Thus  these  three  volcanic  knolls,  together  with  two  other 
less  considerable  ones,  that  lie  betwixt  the  Falkenlei  and  the 
Facherliiihe,  form  a  semicircle  corresponding  nearly  with 
llie  figure  which  the  escarpment  of  the  table-land  presents 
tovrai-ds  tlie  valley  of  Bertricli.  All  of  them  lie  very  near 
the  brow  of  the  escarpment,  whilst  no  vestige  of  any  thing 
uf  the  same  kind  occnrs  in  the  valley  below. 

In  the  latter  however  we  observe  a  large  assemblage  of 
volcanic  products,  but  of  a  different  character.  They  are 
all  basaltic,  and  contain  but  few  cells  or  cavities,  whilst  the 
cones  above  are  chiefly  made  up  of  scoriae,  and  contain 
basalt  but  rarely.  The  basaltic  lava  of  the  valley  may  be 
traced   from  the  village  of  Bertrich,  which  lies   near  its 
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southern  extremity,  almost  continnonsljr  along  the  sidcfs  of 
the  brodc  called  the  Issbach  for  upwards  of  a  mile,  but-ite 
thickness  is  greatest  at  a  point,  where  this  brook  is  enlai^ged 
by  another  rivulet  which  flows  into  it  from  the  west. 

This  point  lies  almost  under  that  part  of  the  escaipmeiA 
of  the  table-land  on  which  the  Falhenhohe  is  situated,  fmd 
it  would  appear  that  two  streams  of  basaltic  lava  meet  about 
this  spot,  the  one  proceeding  from  the  direction  of  tlie- 
Facher-hohe,'  the  other  running  more  from  the  north-west, 
and  having  the  appearance  of  being  derived  from  one  of  tiie 
cones  lying  in  that  quarter.  When  however  we  attempt -to 
follow  the  above  coulees  up  the  slope  of  the  hills,  down 
which^  on  the  above  supposition,  they  must  have  flovred, 
we  are  immediately  stopped  by  the  extreme  thickness  of 
the  wood,  which  clothes  every  where  the  sides  of  the  valley. 
If  we  take  the  circuitous  path  which  brings  us  to  the  sum* 
mit  of  the  hills,  and  examine  the  two  volcanic  conet«,we  dis- 
cover no  signs  of  a  stream  of  lava  having  been  derived  ttofa 
either.  Nor  do  I  think  that  geologists  are  warranted  in 
inferring  from  analogy,  that  the  basaltic  lava  has  de-* 
scended  from  these  eminences,  since  we  have  already  seen 
that  an  equal  degree  of  uncertainty  exists  with  I'espeet  to 
the  origin  of  the  other  lavas  in  the  Eyfel  country;  and 
indeed  if  the  basalt  of  Bertrich  actually  came  from  that 
quarter,  its  situation  would  probably  be  marked  by  a  cor-r 
responding  convexity  on  the  slope  of  the  hill,  if  not  by  its 
'being  destitute  of  the  timber  which  is  so  abundant  else* 
wjiere. 

But  whatever  may  be  the  fact  with  regard  to  the  origin  of 
these  basaltic  coulees,  it  is  evident  that  they  were  formed 
since  the  excavation  of  the  valley,  inasmuch  as  they  follow 
its  inclination  and  are  not  seen  except  near  its  bottom. 
They  have  however  been  cut  through  by  the  little  stream  of 
the  Issbach  which  flows  along  the  valley,  and  where  that  isk 
the  case,  manifest  a  columnar  structure. 
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''■"At  the  point  where  the  two  basaltic  couleea  meet,  an  in- 
teresting fact  occurs, — a  natural  grotto  is  seen  in  the  tmdst 
of  the  lava  about  six  feet  high,  three  broad,  and  twelve  or 
fifteen  long,  open  at  both  extremities,  and  thus  making  part 
of  a  foot-path  which  overlooks  the  ravine  containing  the 
torrent  of  the  Issbach.  The  walls  of  this  grotto  are  com- 
posed of  basalt  shghlly  cellular,  and  forming  a  number  of 
concentric  lamellar  concretions,  piled  one  upon  the  other, 
and  in  general  somewhat  compressed,  so  that  the  interstices 
between  the  balls  are  filled  up.  The  grotto  itself  has  ob- 
tiiined  the  name  of  the  Cheese-cellar  (Kaae-kellei),  from  the 
iv:ieiublance  which  the  configuration  of  the  basalt  bears  to 
an  itssemblage  of  Dutch  cheeses  piled  one  above  the  other  ; 
it  bcaulifiilly  illustrates  the  origin  of  the  jointed  columnar 
structure  which  this  rock  so  often  assumes,  since  a  little 
more  compression  would  have  reduced  these  globular  con- 
cretions into  a  prismatic  form,  each  ball  constituting  a 
separate  joint  in  the  basaltic  mass. 

The  most  probable  way  of  accounting  for  the  existence 
of  this  natural  grotio,  is  to  suppose  the  lava  which  forms  its 
walls  to  have  cooled  near  the  surfiice  before  the  mass  bad 
ceased  to  flow  in  its  interior :  hence  a  hollow  would  be  left 
in  which  the  basalt  had  room  freely  to  assume  tlie  form 
most  natural  to  it,  and  the  concretions,  being  but  little 
compressed  on  account  of  the  cavity  within,  retain  their 
original  globular  figure.  In  further  proof  of  this,  it  may 
he  remai'ked  that  the  lava  above  the  grotto  consists  of 
irregular  prisms,  and  not  of  balls,  as  is  the  case  with  that 
which  constitutes  its  walls. 

Descending  into  the  bed  of  the  rivulet  we  have  an  op- 
portunity of  observing  the  line  of  junction  between  the  clay- 
slate  and  superimposed  lava;  on  the  former  no  change  seems 
lo  have  been  eSected,  but  there  intervenes  between  it  and 
the  compact  basalt  which  composes  the  mass  of  the  coulee, 
p.  very  thin  stratum  (perhaps  not  exceeding  an  inch  in  thick- 
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ness)  of  bighly  cellular  lava,  a.  fact  which  may  perhaps  be 
explained  by  the  extrication  of  ateam  from  the  damp  sur- 
fiice  over  which  the  lava  flowed,  in  the  manner  supposed 
by  Sir  G.  Mackenzie  with  respect  lo  some  of  the  lavas  in 
Iceland." 

Thus  much  for  the  basalt  above  the  village  of  Bertnch ; 
below  it,  occurs  Bnothei-  isolated  basaltic  mass,  which  it 
would  be  even  more  diificult  to  refer  to  any  of  the  rolcanoa 
on  the  hiUg  above.  It  forma  part  of  a  low,  oblong,  round- 
backed  hillock,  rising  in  the  midst  of  the  valley,  which  ia 
here  somewhat  wider  than  ordinary,  the  rest  consists  of  the 
clay-aiate  which  seems  to  have  been  thrown  up  by  the  pro- 
trusion of  the  basaltic  mass  accompanying  it. 

The  formation  of  this  hillock  has,  if  I  mistake  not,  turned 
the  stream  of  the  Issbach  aside  from  its  original  direction, 
and  obliged  it  to  cut  a  new  channel  which  winds  round  the 
base  of  this  little  eminence. 

The  fact  of  the  valley  being  larger  just  before  we  reach  it 
than  it  is  above,  may  I  think  be  explained,  by  supposing, 
that  until  the  stream  had  cut  itself  a  new  channel,  the 
waters  so  accumulated  as  to  form  a  lake,  and  this  may 
possibly  have  been  the  cause  of  the  two  other  circular  en- 
largements of  the  valley  mentioned  as  occurring  above.  I 
have  already  had  occasion,  when  speaking  of  Auvergne,  to 
notice  other  cases  in  wliich  lakes  have  evidently  been  pro- 
duced by  beds  of  lava  obstructing  the  course  of  rivulets, 
and  shall  employ  this  hypothesis  to  account  for  the  fonna- 
tion  of  the  Dead  Sea,  as  a  consequence  of  the  volcanic  erup- 
tion that  destroyed  the  cities  in  the  vale  of  Siddim.* 

The  warm  baths  of  Bertvich,  and  the  carbonic  acid  which 
rises  in  so  many  places  in  the  Eyfel  district, +  imparting  to  the 
springs  through  which  it  passes  the  briskness  of  soda  water, 
are  phenomena  which  seem  to  indicate  a  continuance  of 
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the  volcanic  operations  ibrmerly  so  prevalent,  but  it  will  be 
afterwards  shewn  that  these  effects  are  far  from  being  con- 
fined In  volcanic  countries,  and  occur  too  generally  to  lead 
to  any  certain  conclusion. 

It  would  detain  us  too  long  were  I  lo  go  through  the 
description  of  the  other  volcanic  craters  distributed  over  this 
country,  though  ihe  geological  traveller  ought  not  to  omit 
visiting  the  beautiful  Crater  of  tlie  Pulvermaar,  the  three 
Lakes  at  Daun,  or  the  singular  Hill  of  Rodderburg  near 
the  Rhine,  fronting  the  i-omantic  Island  of  Nonnerwehrt, 
composed  entirely  of  slag,  though  placed  by  the  side  of 
the  Rolandseck,  which  consists  of  prismatic  basalt. 

There  is  one  species  of  volcanic  product  however  which 
requires  a  sliort  notice,  althougli  I  have  not  been  able  to 
introduce  it  under  the  head  of  any  of  the  preceding  vol- 
canos,  as  it  has  nevei'  been  distinctly  traced  to  any  one  of 
them  in  particular. 

I  allude  to  that  immense  deposit  of  trass  or  pumiceoua 
conglomerate  which  occurs  in  various  places  in  this  dis- 
trict, as  at  the  foot,  and  mantling  round  the  sides,  of  the 
older  trachytes  and  baaalls  of  the  Siebengebirge  and  the 
Westerwald,  and  still  more  extensively  throughout  the 
neighbourhood  of  Andemach,  in  the  low  ground  bounded 
by  the  Eyfel  mountains  on  tlie  one  hand,  and  those  round 
Coblentz  on  the  other.  In  no  situation  however  does  it 
occur  so  well  displayed  as  near  the  village  of  Brohl,  in  a 
glen  which  meets  at  right  angles  the  great  longitudinal 
valley  in  which  tlie  watere  of  the  Rhine  find  a  passage. 

The  valley  of  Brohl  seems  to  have  been  originally  exca- 
vated solely  in  the  greywacke  formation,  but  it  has  since 
been  partially  filled  up  by  an  immense  deposit  of  trass, 
which  occupies  its  lower  portion,  but  does  not  extend  to 
the  summit  of  the  hills  which  bound  it.  This  substance 
varies  much  in  point  of  consistence  at  top  and  at  bottom; 
in  the  latter  situation  being  almost  compact  enough  for  a 
building  stone,  whereas  in  the  former  it  is  more  loose  and 
friable.  It  contains  imbedded  fragments  not  only  of  pumice, 
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but  also  of  clay-slate,  as  likewise  trunks  of  trees  carbonized, 
and  in  one  place  even  land-shells. 

It  has  been  observed  that  pumice  in  an  entire  slate  is 
most  abundant  on  the  right  bank  of  the  Rhine  above  Cob- 
lentz,  about  Engcrs,  Neuwied  and  Bendorf,  which  agrees 
very  well  with  what  we  should  expect,  if  we  suppose  the 
source  from  whence  it  proceeded  was  in  the  direction  of 
the  Eyfel  volcanos.  The  origin  however  of  this  substance 
has  given  rise  of  late  to  much  discussion  in  Germany,  and 
in  particular  between  Professor  Noggerath  of  Bonn,  and 
M.  Steininger,*  lo  whom  1  have  already  alluded  as  the 
author  of  certain  geological  tracts  on  the  country  we  are 
conbidering. 

The  former  regards  trass  as  the  result  of  sliowers  of  ashes 
"and  pumice,  which  having  fallen  into  water,  became  mised 
up  with  the  mud  which  that  fluid  was  in  the  act  of  deposi- 
ting, together  with  the  fragments  of  the  contiguous  rocks 
carried  down  by  torrents  into  the  lowest  situations ;  the 
latter,  objecting  to  the  above  hypothesis,  suggests  that  it 
may  be  possible  to  trace  its  existence  to  mud  eruptions 
similar  lo  those  recorded  as  having  occurred  among  the 
volcanoB  of  Equinoxial  America.  The  latier  hypothesis 
however  I  shall  not  stop  to  consider,  as  I  conceive  it  will 
obtain  few  advocates,  when  we  recollect  the  thickness  and 
extensive  distribution  of  this  de|W)sit  in  the  vicinity  of 
Andernach,  the  want  of  any  connexion  with  the  neighbour- 
ing craters,  and  its  analogy  to  the  Puzzolana  of  Naples, 
which  it  would  be  ini}K)ssible  to  refer  to  any  such  local 
origin.  As  however  the  rejection  of  one  hypothesis  does 
not  imply  the  admission  of  another,  it  will  be  necessary  to 
consider  how  far  the  opinion  of  Professor  Niiggerath  be 
reconcileable  with  the  situation  and  other  phsnoutena  of 
the  trass  uf  the  Rhine. 

*  See  lUt:  el&baiBl?  paper  uiiJei  tlit;  lille  "  Gibt  Tacilii't  uilien  hUtaHiichen 
Bewfis  von  volkauiHiheii  Eruptianen  am  Nicderrlisin,"  by  ProfessDrs  Nccs 
Von  Eitenbefk  and  Noggeralh,  in  the  Srd  volume  of  the  work  entitled  "  Du 
tiebirgB  in  Rheinland  Watph&Ien."  And  for  the  nrguineiiti!  on  ths  contrary 
sidp,   the   *orkb  of  Sleiniagcr,  especially   his  "  Gebirgkarle  Maiiii.''  18SB. 
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t  assume  as  an  acknowledged  fact  that  this  material  is 
derived  in  part  from  conuninuted  masses  of  pumice,  and 
similar  fclspathic  substances  ejected  by  volcanic  action. 
When  we  look  therefore  at  the  country  in  the  neighbour- 
hood of  the  Rhine,  especially  near  Andernach,  we  discover 
pumice  in  two  different  states,  either  entering  as  one  of  the 
ingredients  into  the  composition  of  trass,  or  constituting 
a  congeries  of  loose  fragments  not  united  by  any  cement, 
which  alternate  in  beds  with  a  sort  of  loamy  earth  of  the 
very  same  nature  with  that  deposited  at  present  by  lakes, 
or  rivers  which  flow  through  a  soft  stratum, 

The  first  idea  that  suggests  itself  in  order  to  account  for 
this  difierence,  is  that  the  mass  was  formed  from  pumice 
deposited  below  the  surface  of  water,  whilst  the  loose  frag- 
ments were  ejected  upon  dry  land ;  but  the  altematioif  of 
the  latter  with  beds  of  loam  is  sufficient  to  prove  that  this 
distinction  is  admissible. 

That  since  the  epoch  of  the  general  deluge,  water  must 

have  covered   the  face   of  this   country  to  a  considerable 

depth,  is  evident  enough,  I  conceive,  from  the  existence  of 

that  extensive  deposit  of  marl  which  occupies  the  bottom  of 

the  valley  of  the  Rhine  from  Basle  (as  it  is  said)  to  Cologne, 

llie  thickness  of  which  often  exceeds  40  feet,  although  it  is 

i  most  recent  of  all  the  strata,  resting  often  upon  the 

Biluvium,  and  covered  by  nothing  except  vegetable  mould. 

f  nature  of  the  shells  that  occur  in  it,  which  are  the 

me  with  those  found  at  present  in  the  country,  prove  that 

%  origin  cannot  be  very  remote,  and  its  apparent  identity 

firith  the  loamy  beds  which  alternate  with  the  congeries  of 

fragments  consisting  chiefly  of  pumice,   that   occur 

!ar  Andernach,  tends  to  shew  that  at  a  period  subsequent 

D  the  excavation  of  vallies  in  general,  a  large  expanse  of 

Bsh-water  occupied  the  lower   siiuations  in  this  part  of 

erraany.     As  however  the  water  has  not  in  these  cases 

liven  rise  to  the  deposition  of  trass,  it  seems  necessary  to 

pfer  the  latter   to  some  more  antient  period,  where  the 

jrcumstances  of  the  case  were  bo  far  varied  ae  to  occasion 

K-diRerent  result. 
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To  this  conclusion  I  know  but  of  two  objections,  one,  the 
presence  in  tlie  tiass  of  Brohl  of  land  shells,  similar  to  those 
at  present  existing,  the  other,  its  filling  up  a  valley  ;  but  the 
former,  being  found  only  in  one  place,  may  have  been  washed 
there  by  rain  or  torrents  at  some  subsequent  [>eriod,  and 
the  latter  may  have  been  coeval  with  the  transition  rocks 
themselves,  or  at  least  not  be  one  of  those  produced  by 
diluvial  action. 

If  these  suppositions  be  objected  to  as  gratuitous,  I  would 
remark  that  they  are  adopted  merely  to  reconcile  the  forma- 
tion of  the  trass  of  the  Rhine  with  that  of  the  analogous 
formations  of  Hungary  and  Naples,  which  I  shall  aflerwards 
consider;  and  to  explain  the  fact  of  its  occurrence  in  all 
cases  underneath  the  marl)  and  never  alternating  with  it, 
as  is  the  case  with  those  beds  of  pumice  which  exist  unce- 
raented  by  any  paste.  I  am  therefore  Upon  the  whole  in- 
clined to  refer  to  a  period  antecedent  to  the  formation  of 
vallies  of  denudation  the  production  of  trass,  but  the  same 
inference  cannot  he  extended  (o  the  Eyfel  voleanos,  the 
lavas  from  which,  having  in  all  cases  flowed  in  conformity 
to  the  slope  of  the  vallies,  must  have  burst  forth  sub- 
sequently to  their  formation. 

Whether  however  the  latter,  though  proved  to  be  geo- 
logically speaking  of  modern  date,  have  been  in  activity 
within  the  limits  to  which  historical  documents  extend,  is 
quite  a  distinct  question,  and  one  that  requires  proof  of 
another  kind. ' 

Steininger*  and  others  indeed  appeal  somewhat  absurdly 
to  a  passage  of  Tacitus,  which  they  interpret  as  referring  to 

*  The  following  in  tlie  passage  to  which  Ihey  nlluctc:  — 

"  Sell  fivilas  Johoiiuui,  bocir  nobis,  male  improviao  afflictn  e»l.  Nam  %pe«,. 
terrft  editi,  villm,  arva,  vicoa  passim  porripiobanl,  ferebdolurque  in  ipn  con- 
dilo  nuper  colonis  imenia.  Neqiie  extingui  poteranl,  non  si  imbrea  catlerent, 
Don  fluviiiibuB  aqulii,  aul  quo  alio  bumore:  donee  mopii  rempdii,  et  iri  cUdUi 
agrealen  quidam  eminua  aoia  jacere,  dein,  reaidEotibus  6ammis,  pcopriua  ag- 
gressi,  iclu  fuslium,  aliiaque  Terberibua,  ut  feraa,  abaterrebant.  Postremi  teg- 
miiiB  corpari  dinrpla  injiciunt,  (juanlo  cnagis  prafliiia,  et  u^xi  pollii(a>  tanli 
magia  oppreBMica  '\gnti.—  Tac.  Arm.  1.  13.  c.  57, 
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an  eruption  of  one  of  the  Eyfel  volcanoa  at  so  late  a  period 
as  the  reign  of  Tiberius  Ceeaar. 

That  historian,  it  is  true,  notices  in  his  Annals,  a  Bre  that 
broke  out  from  the  earlh,  and  ravaged  the  country  of  the 
Juhones,  extending  even  to  the  walls  of  Cologne, 

This  fire  it  is  added  could  not  be  put  out  by  water,  and 
baffled  every  other  expedient,  until  the  inhabitants,  finding 
that  they  checked  it  by  volleys  of  stones,  came  near,  and 
at  length  succeeded  in  smothering  it  by  throwing  heaps  of 
clothes  upon  the  flames. 

This  passage  has  given  rise  to  the  very  elaborate  paper  by 
Professors  Noggeroth  and  Nees  von  Esenbeck,  published  in 
the  work  before  quoted,  in  which  it  ia  shewn,  first,  that  there 
is  no  certainty  as  to  the  country  which  the  people  called  by 
Tacitus  "  Juhones,"  inhabited,  or  whether  indeed  that  be 
the  true  reading ;  secondly,  that  a  fire  which  reached  the 
walls  of  Cologne  could  not  be  volcanic,  for  no  volcanic  ap- 
pearances exist  within  twenty  miles  of  that  place,  the  nearest 
crater  being  that  of  Rodderburg,  near  Rolandscck;  and 
thirdly,  that  the  description  of  Tacitus  applies  much  better 
to  some  artificial  combustion,  such  as  what  might  be  caused 
by  setting  fire  to  the  woods  or  heaths  in  a  dry  season,  than 
to  any  thing  of  a  volcanic  nature.  It  is  indeed  quite  ridi- 
culous to  refer  to  any  such  cause  a  fire  which  was  checked 
by  volleys  of  stones,  and  stifled  by  throwing  over  it  dirty 
clothes;  and  if  we  conceive  ourselves  obliged  to  adhere  to 
the  words  of  the  historian,  and  believe  the  flame  to  have 
"  emanated  from  the  ground,"  it  seems  more  likely  that  it 
should  have  arisen  from  a  disengagement  of  inflammable 
gas,  than  from  the  usual  concomitants  of  an  eruption. 

When  however  we  recollect  that  at  the  period  to  which 
we  allude,  a  colony  planted  at  this  distance  from  the  seat  of 
empire  bore  much  the  same  relation  to  Italy,  which  the  back 
settlements  of  Canada,  or  the  wilds  of  Newfoundland  do  to 
Great  Britain,  it  seems  scarce  an  impeachment  upon  the 
general  accuracy  of  the  historian,  to  suppose,  that  he  may 
have  been  ntisled  by  popular  rumour  in  ihe  details  of  an 
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eyeiU^  at  once  ^so  remote,  and  so  little  affecting  the  general 
interests  of  the  state. 

Steininger  in  a  late  publication  has  communicated  another 
fact  which  he  thinks  conclusive  as  to  the  modem  date  of 
the  trass  about  Bendorf,  namely,  the  discovery  of  a  coin 
of  Vespasian  imbedded  in  the  substance  of  the  mass.  Un- 
fortunately however  it  turns  out^  that  Roman  altars  are  fure-' 
seryed.  cut  out  of  thi9  very  same  cock,  so  that  we  must  ac- 
count for  the  presence  of  the  piece  of  money,  as  perhaps  it 
is  not  very  difficult  to  do,  from  the  action  of  rains  or  torrents 
washing  down  u{)on  the  coin  a  quantity  of  this  trass,  which 
afterwards  became  consolidated.  We  may  also  remark  that 
Steininger  did  not  find  the  coin  himself,  but  received  it 
from  one  of  the  workmen,  whose  account  of  its  actual  posi- 
tion cannot  be  greatly  depended  upon.* 

It  is  also  certain  that  the  lava  of  Niedermennig  existed  in 
the  time  of  Augustus,  for  the  pillars  of  the  ancient  Roman 
bridge  at  Treves  are  built  of  this  material.t 

*  See  the  Memoir  before  alluded  to  in ''  Ndggeradi'c  Rheiolaiid  WestpliAlflii.'' 
f  It  is  curious  thai  Becan^s,  in  his  ''  Origines  Antwerpians,  lib.  i.  p.  60, 
attributes  the  fire  recorded  by  Tacitus,  to  the  combustion  of  some  of  the  bitii;> 
minous  or  coaly  matter  so  common  near  Lieges  in  the  Netherlands.  **  Ubi 
sunt  specus  illie  subterranesB,  pigra  barathra,  montes  piceo  lapide  sive  A::phai- 
tide  constantes,  et  sylvs  obscurs. 

But  this  hypothesis  is  altogether  irreconcilable  with  the  statement  of  the 
historian  as  to  the  fire  having  reached  the  walls  of  Cologne,  a. city,  which  fiwn 
Its  distance  from  Lieges,  as  well  as  from  the  structure  of  the  intervening  taa^ 
Uy,  must  have  been  quite  beyond  the  possible  influence  of  such  an  eveaL 
Becanus  likewise  supposes,  with  not  much  more  probability,  that  this  was  also 
the  spot  referred  to  by  Claudiain  as  having  Afforded  Ulysses  an  entrance  into 
the  infernal  regions. 

Est  locus,  extremum  quft  pandit  Gallia  liitus, 

Oceani  pra;tentus  aquis,  ubi  f^rtur  Ulysses 

Sanguine  libato  populum  movisse  silentAm. 

lUic  umbrarum  tenui  stridore  volantAm 

Flebilis  auditur  questus :  simulachra  colon! 

Pallida,  defunctasque  vident  migrare  figurai. 

Lib.  i.  Carm.  3.  12S. 
But  those  who  consider  the  above  passage  as  a  sufficient  ground  for  asraming 
the  existence  in  Gaul  at  that  time  of  appearances  analogous  to*  thoae  of  th^ 
Phlegrean  Fields  near  Naples,  will  look  to  the  Volcanoa  of  die  Eyfel  diitijl«» 
and  still  more  naturally  to  those  of  Auvergne,  as  their  probable  aite>  ralfa^ 
than  to  the  coal  country  of  the  Netherlands. 
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We  are  therefore  under  the  necessity  of  attributing  to 
the  Eyfel  volcanos,  a  date  historically  very  antient,  though 
geologically  speaking  modem,  since  geological  research  may 
be  said  almost  to  terminate,  where  history  begins  s  if  we 
adopt  the  opinions  of  Professor  Buckland  respecting  the 
excavation  of  the  Tallies,  we  must  suppose  these  rocks  to 
have  been  formed,  like  some  of  those  in  Auvergne,  subse- 
quently to  the  deluge  recorded  by  Moses ;  or,  if  limiting 
ourselves  to  those  views  in  which  all  geologists  concur,  we 
choose  to  speak  more  indefinitely,  the  date  of  their  erup- 
tions must  be  pronounced  to  be  posterior  to  the  event 
which  reduced  the  surface  of  the  globe  to  its  present 
condition. 

It  would  seem  however  that  these  are  the  only  volcanos  in 
this  part  of  Europe  to  which  the  same  remarks  will  apply, 
for  the  remaining  rocks  near  the  Rhine  to  which  we  attri- 
bute a  similar  origin,  no  less  than  those  in  Hessia  and  on 
the  borders  of  the  Thuringerwald,  belong  evidently  to  a 
more  remote  period.  The  latter  indeed  all  appear  to  have 
been  submitted  to  the  same  agents  that  have  affected  the 
older  formations ;  their  craters,  if  ever  they  existed,  have 
been  obliterated ;  the  evidences  of  their  destruction  are  seen 
in  the  rolled  pebbles  at  their  foot ;  and  they  are  intersected 
by  deep  vallies,  which  the  action  of  running  water  could 
never  have  occasioned. 

Yet  it  would  appear  that  the  Rhine  volcanos  have  been 
principally  formed  during  the  period  at  which  the  tertiaiy 
beds  were  deposited,  for  I  know  of  no  instance  where  they 
are  covered  by  any  thing  older  than  diluvial  detritus,  and  in 
many  cases  they  are  seen  to  rest  on  the  brown  coal  and  other 
beds  belonging  to  the  plastic  clay  formation.  Such  is  the 
case  at  the  Habichwald  near  Cassel,  at  the  Meisner  near 
Eschwege,  in  the  Westerwald  east  of  Coblentz,  and  in  the 
Siebengebirge  near  Bonn. 

The  latter  chain  of  hills  presents  in  some  measure  the  ge- 
neral features  of  the  whole,  and  shall  therefore  be  noticed 
more  particularly. 

E 
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On  the  eastern  bank  of  the  Rhine,  rising  abruptly  firom 
the  borders  of  the  river,  are  the  mountains  which  have  ob* 
tained  this  appellation  from  the  seven  peaks  which  strilLe 
fhe  eye  at  a  distance.  To  the  north  they  seem  to  sink  more 
gradually  into  the  plain,  but  on  the  south  they  termiuate  ia 
the  ^^  castled  crag  of  Drachenfels,"  which  offers  on  thut  aide 
a  very  precipitous  front. 

This  chain  of  hills  consists  partly  of  basalt,  partly  of  trar* 
chyte,  and  the  association  of  these  two  rocks  without  any 
determinate  order  being  discoverable  ought  to  stagger  thos^ 
who  with  Beudant  consider  the  two  formations  as  produced 
by  different  processes,  and  at  distinct  epochs. 

Here  at  least  it  seems  difficult  to  determine  which  of  the 
two  be  the  most  recent,  or  whether  indeed  they  haye  not 
been  ejected  at  one  and  the  same  time. 

That  it  is  in  this  manner  that  the  seven  mountains  have 
been  formed,  a]:^ears  probable  from  an  examination  of  them 
on  the  side  that  overlooks  the  river.  We  here  may  trac0 
for  some  distance  up  the  hill  a  micaceous  slaty  sandstone 
belonging  to  the  greywacke  formation  of  the  plain  below^ 
containing  thin  seams  of  anthracite.  This  is  covered  by 
nearly  horizontal  beds  of  a  kind  of  trass,  like  that  near  thje 
Lake  of  Laach,  but  containing  less  pumice.  On  ascending 
to  a  greater  height  we  meet  at  length  with  the  trachyte, 
which  seems  therefore  to  lie  under  the  other  rocks,  at  the 
same  time  that  it  rises  above  them. 

This  trachyte  is  travei'sed  by  vertical  fissures,  like  the  lava 
of  Niedermennig,  and  like  it  is  often  cellular,  and  contains 
imbedded  portions  of  a  mixed  rock  looking  like  altered 
granite,  but  in  which  the  felspar  is  changed  into  kaolin. 
The  rock  of  Drachenfels  consists  of  a  somewhat  different 
variety  of  trachyte,  marked  by  its  large  and  regular  crystak 
of  glassy  felspar,  and  the  mountain  adjoining  it  on  the  west, 
called  the  Wolkenburg,  differs  from  either,  consisting  of  a 
number  of  minute  acicular  crystals  of  hornblende.   It  seems 
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•yident^  tlt^H  O^me  rocks  hane  both  been  forced  wp  throuf^ 
the  greyw^ek^^  Mihieh  indeed  continKies  until  we  reach  nearly 
IWo4faird8>  of  the  entire  height  of  the  Wolkeftburg^  It  H 
carefed  by  th^  siMne  m^\  which  I  h^re  before  nolicedt 

Ncmr  KiMMgswinter  however  we  observe  a  yery  eofnp^ 
quartzosf  cioii^omerftte,  lyiBg  betwixt  the  greywaefce  i^nd 
the  U^achyte,  which  Professor  Noggerath  has  referred  to  the 
bf own  coal  foriaiaCion^  seea  so  extensively  on  the  wesieni 
9i^  of  the  Rbifte.  It  is  nurely  observed  so  compact  as  in 
this  instance,  and  it  contains  Brasses  of  opal  in  which  th^ 
fibrous  siruelure  of  the  wood  is  plainly  diaeernibte.  Thus 
the  dale  of  the  trachyte  is  at  least  as  recent  as*  that  of  the 
oldest  tertiary  fcxrmation* 

The  bed  of  trass  or  trachytic  conglomerate  in  the  Seven 
Mountains  ia  traversed  by  several  dykes  of  a  substasee  aUied 
|o  the  volcanic  formation  which  it  encircles. 

One  of  these  is  seen  on  the  hiUs  above  Konigswioiter  pur^ 
auing  an  oblique  direction,  and  biA  the  same  time  sending 
oat  horizontal  braofches  into  the  trass.  The  subatsiMSe  of 
|he  dyke  is  very  various  in  composition,  approaching  iapi 
0ome  cases  to  trachyte,  and  in  others  partaking  of  the  char 
racters  of  basalt. 

Opposite  to  Bonn,  at  the  northern  extremity  of  the  Sie- 
bengebirge,  are  the  quarries  of  Obercassel,  which  have  been 
described  by  Professor  Noggerath  in  the  work  already  so 
often  referred  to. 

They  are  composed  of  basalt,  which,  though  more  com- 
monly compact,  is  occasionally  found  vesicular,  and  the 
vacuities,  which  are  generally  oval,  appear  to  be  of  the  same 
age  with  the  rock,  and  not  to  have  resulted  from  decom- 
position. Some  of  them  are  filled  with  calcareous  spar, 
carbonate  of  iron,  and  other  minerals,  but  others  are  void. 

The  point  however  most  worthy  of  nptice  in  this  rock,  is 
the  concentric  arrangement  of  its  parts. 

The  principal  quarry,  that  of  Ruckersberg,  situated  near 

e2 
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the  summit  of  the  bill,  displays  this  stnicture  in  the  moat 
•aUsfactory  manner.*  We  observe  here  not  a  cluster  of  g^ 
bular  concretions,  like  those  of  Bertrich,  nor  yet  a  line  of 
prisms  parallel  to  each  other  as  in  many  parts  of  the  Vhfel- 
rais,  but  a  succession  of  concentric  coats,  which  on  the 
northern  side  of  the  rock  are  broken  away,  but  in  Ait 
which  is  entire,  are  seen  encircling  one  another  in  such  a 
manner  as  to  create  an  impression,  that  the  whole  may  hAre 
once'  formed  an  immense  spheroid,  composed  of  a  series  of 
lamine  wrapped  round  a  common  centre. 

That  the  form  of  this  mass  was  elliptical,  having  iu  longeit 
axis  in  an  horixontal  direction,  appears  from  this  cireunl- 
Btance,  that  to  the  north  of  this  quarry,  but  exactly  paralM 
to  it,  another  section  of  the  rock  is  exposed,  in  which  the 
same  concretionary  structure  presents  itself,  but  the  lanuns 
form  a  portion  of  a  curve  turned  exactly  in  the  opposite 
direction  to  that  of  the  former  locality. 

Thus  let  A  be  the  quarry  of  Ruckersberg,  and  -  B  the 
section  exposed  to  the  north  of  it,  the  following  will,be  the 
disposition  of  the  strata,  from  which  it  is  evident  that  if 
the  rock  had  not  been  broken  away  in  the  interval,  an 
ellipsis  would  have  been  formed. 


•  See  NBgEenth'i  RbeinUnd  Weitphaloa,  vol.  S.  p.  860. 
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We  observe  too  as  we  descend,  that  whenever  a  section  is 
exposed,  the  direction  of  the  strata  is  such  as  corresponds 
very  well  with  this  idea,  the  rock  being  found  at  a  shorX 
distance  below,  dipping  towards  the  same  point,  but  M  a 
slighter  angle,  and  at  the  bottom  becoming  at  length  com- 
pletely horizontal. 

Now  this  admits  of  a  ready  explanation  if  we  suppose  thc^ 
whole  mountain  to  have  constituted  the  same  great  elliptical 
mass,  since  it  is  evident  that  agreeably  with  this  structui*e, 
the  dip  of  the  strata  would  diminish  progressively  in  prb^ 
portion  to  their  distance  from  the  supposed  centre,  so  that 
at  length  they  would  appear,  when  viewed  within  a  limited 
space,  altogether  horizontal. 

It  is  necesssary  however  for  this  hypothesis  to  assume, 
that  the  upper  portion  of  the  mountain  has  been  bwept 
away,  since  the  axis  of  this  immense  spheroid  is  placed  not 
in  the  present  centre  of  the  i;iountain,  but  about  the  site  of 
the  quarry  of  Ruckersburg  near  its  summit.  Now  as  this 
quarry  is  about  300  feet  above  the  base  of  the  hill,  we  mus( 
attribute  to  the  latter  an  original  elevation  of  between  500 
and  600  feet. 

Besides  this  division  into  concentric  lamins,  the  basalt 
of  Obercassel  has  likewise  a  tendency  to  form  columnar 
concretions,  which  always  range  at  right  angles  to  the  cur* 
vature  of  the  strata ;  hence  when  the  latter  are  vertically 
disposed,  the  prisms  are  horizontal,  and  vice  versd:  ap^ 
pearing  in  every  intermediate  position  in  accordance  with 
the  dip  of  the  laminae  themselves. 

The  Seven  Mountains,  although  they  may  appear  iso^ 
lated,  are  in  fact  a  prolongation  of  the  extensive  basaltic 
formation  of  the  Westerwald,  which  is  connected  with  an- 
other considerable  volcanic  district,  north-east  of  Frankfort, 
termed  the  Vogelsgebirge. 

From  the  latter,  the  isolated  basaltic  cones  of  Frankfort 
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and  Hanau  on  the  one  tid^  a&d  of  Cassel  and  Eisenach  on 
the  other,  seem  to  be  ramifications. 

D^Bferent  as  these  several  chains  may  be  to  each  other  in 
Tuions  particulars,  diey  have  the  following  characters  in 
common,  by  which,  if  I  mistake  not,  they  are  dbtingoished 
from  the  basalts,  which  occur  associated  with  secondary 
strata. 

Although  frequently  as  compact  as  the  latter,  they  at« 
idways,  when  viewed  on  the  great  scale,  found  to  be  accom- 
panied more  or  less  widi  cellular  products,  the  cavities  of 
which  do  not  appear  to  have  ever  been  filled  with  infiltra- 
tions of  crystalline  matter,  which  is  the  case  with  the  amyg- 
daloids  accompanying  secondary  basalt.  These  cellulat 
rocks  firequently  occur  on  the  highest  parts  of  the  chain,  as 
near  Rennerod  in  the  Westerwald,  where  they  rest  on  com- 
pact basalt,  as  though  the  latter  had  been  the  efl^t  or  the 
pressure  exerted  by  the  superincumbent  stratum.  In  other 
places  the  highest  portions  of  the  chain  consist  of  compact 
basalt,  whilst  beds  of  cellular  lava  occur  mantling  round  it, 
as  if  after  the  formation  of  the  central  mass,  ejections  of 
cellular  matters  had  succeeded,  which  ranged  themselves 
round  its  sides.    Such  is  the  case  in  the  Vogelsgebirge, 

The  volcanos  of  the  Westerwald  are  also  identified  with 
those  of  the  Siebengebirge  in  consisting  partly  of  trachyte, 
iand  likewise  in  being  accompanied  with  strata  of  trass, 
which  seem  to  fill  up  the  bottom  of  the  vallies.  Concerning 
ihe  manner  in  which  the  latter  has  been  formed,  I  shall  only 
remark  at  present  that  the  existence  in  it  of  slag  and  pumice, 
and  the  rare  occurrence  of  fragments  of  compact  lava,  likd 
that  of  the  mountains  encircling  it,  seem  to  shew  that  it  is 
derived  in  a  greater  degree  from  ejections  of  pumiceous 
matters  than  from  the  detritus  of  the  surrounding  country. 

Occasional  knolls  of  basalt  lie  scattered  over  the  whole 
space  between  the  Westerwald  and  Vogelsgebirge,  as  at 
Limburg,  Wetzlar,  &c.  which  some  may  consider  as  the 
relics  of  a  continuous  stratum  once  covering  the  country. 


whilst  otfaferil  May  teg&rd  theiti  t%  producied  by  di^ihct  eiilp- 
tions  of  volcdttic  itid^tten 

That  the  latter  is  the  true  state  of  the  ca^e  a^^j^rfl^  \ 
think,  from  <^omparing  them  with  the  cotiical  basaltid  hifl§^ 
near  Eisenach^  where  circumstances  have  enabled  us  t<> 
ascertain  clearly  the  relative  position  of  the  Tolcanic  madi^ 
to  the  contiguous  stratum. 

As  the  latter  s^pear  to  me  highly  interesting,  Aot  only  in 
themselves,  but  also  as  affording  a  key  to  the  structure  6t 
the  whole  country  we  are  considering,  I  shall  proceed  at  oiic€? 
to  describe  them,  without  noticing  the  rocks  interrriediat^.  : 

These  kAOlls  of  basalt  occur  in  the  second  or  variegated 
sandstone  forkUation,  and  appear  oh  the  surface  perfectly 
unconnected  one  with  the  other.  As  they  ftfibrd  a  valuable 
material  for  th6  roads,  so  much  of  them  has  in  many  ca^^ 
been  removed,  that  the  rock  which  originally  rose  above  the 
surface  of  the  sandstone,  is  noW  worked  considerably  below 
the  level  of  that  rock.  In  tracing  it  downwards  the  mass  is 
generally  found  to  enlarge,  so  that  its  shape  appears  to 
resemble  that  of  a  wedge. 

The  quarry  in  which  the  relation  of  the  basalt  to  the  con* 
tiguons  rock  is  best  displayed  is  the  Pflasterkaute  near 
Eisenach  on  the  road  to  Frankfort.* 

*  For  a  knowledge  of  this  locality,  and  in  some  measure  for  the  power  of 
examining  the  geological  phasnorcena  therein  displayed,  I  hMd  myself  indebted 
to  a  very  intelligent  road-surveyor,  M.  Sartorius  of  Eisenach;  who  began  many 
years  ago  taking  advantage  of  his  situation,  to  expose  the  rock  in  auch  a  man- 
ner as  iooight  enable  geologists  in  time  to  determine,  whether  the  basalt  merely 
lay  upon  the  sandstone,  as  the  Wernerians  would  suppose,  or  had  been  forced 
up  through  the  midst  of  it  from  a  considerable  depth.  Mis  first  account  of 
this  and  other  similar  spots,  was  published  in  1806,  in  a  small  pamphlet 
entitled  '<  Die  Basalte  in  der  Gegend  von  Eisenach,*'  bat  as  every  year'n  eoiw 
sumption  of  stone  renders  the  excavations  deeper,  the  fact  must  ht  present  be 
exhibited  in  a  more  satisfactory  manner  than  it  was  when  he  wrote  his  first 
pamphlet,  as  it  becomes  more  and  more  difficult  to  explain  the  position  of  the 
basalt  by  any  irrie^larity  of  Surface  in  the  subjacent  sandstone,  and  less  Hkefy 
tii4i  any  terminatioii  will  be  found  to  the  d^ke  as  we  penetrate  downwards. 

Sartorius  has  since  published  several  other  Geological  tracts^  which  will  be 
specified  in  the  Appendix. 
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In  this  instance  the  excavations  are  carried  to  such  i^ 
depth,  that  we  aie  enabled  dietinctly  to  see  the  basalt  more 
than  50  feet  below  the  surface  of  the  Bandstone,  The  line 
of  junction  is  also  well  displayed,  and  we  observe  the  sand- 
stone changed  from  an  horizontal  to  a  vertical  poeilion,  split 
in  all  directions,  and  rendered  harder  and  whiter  where  the- 
basalt  touches  it. 

The  latter  m  in  some  places  compact,  and  in  others 
cellular,  the  cells  partly  empty,  and  partly  filled  with  f»l-, 
careouB  spar,  quartz  crystals,  and  zeolite.  The  central 
portion  of  the  mass  is  always  freest  from  these  hollows,  and 
at  the  sur&ce  is  generally  a  kind  of  tuff  made  up  of  frag- 
ments of  the  volcuiic  rock  cemented  by  clay  or  sand. 

The  following  may  serve  to  give  an  idea  of  the  relative 
poHtion  of  the  several  rocks  displayed  in  the  quarry. 


Vertical  Section  of  the  PJia»terkaute  near  Eisenach. 


aaaa  Basalt,     bh  Sandstone  altered,     ccc  SandBtone  unaltered. 
d  Tuffwi^tragmenU  of  Sandstone,    ett  Debria. 

The  StoSelskuppe  and  the  Kupfergrube,  both  which  lie 
at  no  great  distance,  present  similar  phcenomena,  with  this 
additional  circumstance,  that  the  masses  of  sandstone,  which 
occur  entangled  in  the  midst  of  the  volcanic  rock,  are  some- 
times prismatic.  This  last  fact  is  however  best  displayed 
near  the  town  of  Budingen,  north  of  Hanau,  in  the  Wette- 
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BlTic  prevailing  rock  in  this  countiy  is  tlie  new  red  sand- 
stone, but  on  tlie  slope  of  the  hill  soittli  of  the  town  occurs 
a  little  eminence  called  the  Wildenstein,  consisting  of  co- 
lumnar basalt,  which  seems  altogether  isolated,  being  en- 
compassed on  all  sides  by  sandstone. 

Though  we  are  not  enabled,  as  in  the  case  of  the  Pflaster- 
kaute,  to  observe  the  relation  of  the  trap  to  the  surround- 
ing stratum,  yet  it  can  hardly  be  doubted  that  it  has  been 
forced  up  in  the  same  manner,  and  has  thus  carried  with  it 
the  portions  of  sandstone  that  occur  in  the  very  midst  of  the 
basalt. 

These  portions  appear  to  have  been  curiously  altered  by 
the  heat  to  which  they  were  subjected  ;  they  are  hardened 
almost  to  the  degree  of  flinty  slate,  rendered  while  and 
splintery,  and  in  most  instances  form  clusters  of  little  prisms, 
possessing  even  greater  regularity  of  form  than  those  of  the 
basalt  which  encircles  them.  It  is  curious  to  mark  the  re- 
semblance between  the  prisms  here  alluded  to,  and  those  pro- 
duced artificially  in  several  parts  of  Derbyshire  and  York- 
shire,* where  the  soft  friable  sandstone  of  the  country  is  ren- 
dered serviceable  for  road-making  by  exposure  to  heat,  which 
hardens  and  causes  it  to  split  into  small  columnar  concretions. 

Sartorius  has  described  a  number  of  other  basaltic  emi- 
nences in  the  neighbourhood  of  Eisenach,  all  of  which  he 
supposes  to  have  been  thrown  up  in  a  similar  manner,  and 
many  indeed  of  which  are  proved  to  be  so  constituted. 

He  likewise  endeavours  to  shew  \  that  a  certain  connexion 
exists  between  many  of  these  distinct  cones,  and  that  ihey 
are  in  some  cases  grouped  round  some  common  centre,  form- 
ing a  system  of  basaltic  eminences,  which  possess  a  certain 
correspondence  in  position,  and,  as  it  should  seem,  in  origin. 

In  the  case  to  which  he  appeals,  the  central  point  (the 
Dielrichberg)  is  a  Urge  overlying  mass  of  basalt,  the  direc- 

kt  Rotherham. 

pgee  Sartorius,  GcDgnosI,  BeubBclit.     Ei^enHcli,  IS->I,  p.  100. 
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.tion.  of  wluch  appears  to  be  conformable  with  Ukut  of  the 
subjacent  rock^  but  in  the  smaller  eminences  pf  the  sajae 
foi-mation  which  are  distributed  round  it,  the  basalt  alwftys 
is  placed  obliquely ^^  and  its  inclination ,  is  found  fo- 
according  to  its  position  with  reference  to  the  central 
^  JSartorius  from  thence  concludes  that  all  these  d^laqked 
jcones  have  been  thrown  up  from  a  common  point,  and^^at 
the  focus  of  the  volcanic  action  lay  immediately  undecpaath 
the  Dietrichberg^  at  a  depth  which  he  thinks  might  be.  qd* 
culated,  by  considering  the  distance  of  any  one  of  thpf^ 
masses  from  the  centre  of  the  system,  coupled  with  tbe  de« 
gree  of  its  inclination.* 

My  principal  motive  for  noticing  this  statement,  whidi 
I  had  no  opportunity  of  verifying,  is  to  lead  to  an  examinar 
tion  of  other  similarly  constituted  basaltic  districts,  wid&  a. 
view  to  ascertain  whether  any  such  arrangement  or  con- 
nexion can  be  perceived  amongst  them.  At  present  all  that 
J  have  stated  must  be  understood  to  rest  on  the  authority 
of  Sartorious,  to  whose  little  publications  I  may  refer  for 
the  most  detailed  account  of  these  basalts,  the  igneous 
origin  of  which  he  has  the  merit  of  having  maintained,  even 
at  the  time  when  the  authority  of  Werner  was  at  its  height. 
.  But  the  rock  perhaps  which  exhibits  the  greatest  combi- 
nation of  phaenomena  calculated  to  shake  any  preconceived 
opinion  with  respect  to  tbe  aqueous  origin  of  these  ba^t% 
is  the  Blaue  Kuppe,  near  Eschwege,  a  town  also  in  Hema^ 
but  about  twenty  miles  north-east  of  the  above  localiti^.t 

*  He  however  admits  the  uncertainty  of  these  calculations,  for  the  depth  at 
which  the  volcanic  force' resided,  estimated  by  the  obliquity  of  one  of  these 
masses,  is  125,848  feet,  or  upwards  of  four  Geog.  miles,  whilst  by  (iiio(h«f  k 
-would  be  only  79,104  feet.  It  is  evident  indeed  that  the  iodinatioii  of  die 
basalt  is  iafluenced  by  too  many  causes  to  afford  any  correct  data. 

f  It  is  curious  that  Daubuisson  in  his  *'  Account  of  the  Basalts  of  Sazony}" 
never  alludes  to  this  mountain,  although  he  seems  to  have  particularly  exa- 
mined the  Meisner,  which  lies  no  more  than  half  a  dozen  miles  off  from  it} 
and  to  which  he  appeals  as  affording  evidence  of  the  aqueous  origin  of  trip* 
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In  this  instasice  obinpact  basalt  is  seeii  associated  with  A 
substance  of  so  light  and  porous  a  description,  in  its  nature 
ye  analogoiUs  io  the  production^  of  modem  volcanos,  thaci  it 
would  indeed  argiie  an  excess  of  scepticism  to  refuse  to 
dkttrityote  it  to  the  satte  cause. 

'  Unlike  the  other  Yolcanic  eminences,  the  Blaue  Ktippe 
consists  on  one  side  of  sandstone,  and  on  the  other  of  vol* 
caAic  matter,  as  if  the  force  which  caused  the  ejection  of  the 
latter  had  at  the  same  time  derated  the  former.  As  in  the 
Pflasterkaute,  the  sandstone  here  is  hardened  and  cracked 
in  all  directions  near  the  line  of  junction,  and  portions  of  it 
are  ererywhere  imbedded  in  the  substance  of  the  basalt. 

Besides  the  principal  mass  of  Tolcanic  matter  occupying 
mie  entire  side  of  the  hill,  are  several  dyk^  whidh  penetrate 
the  sahdstone,  enclosing  portions  of  it,  and  altering  its  str^« 
tification  in  a  very  remarkable  manner. 
'  One  of  these  appears  to  be  a  prolongation  of  th^  principal 
mass,  but  two  others  that  occur  a  little  on  one  side  hate  no 
connexion  with  it  on  the  surfece.  The  upper  portions  of 
this  rock  consist  of  a  sort  of  tuff  composed  of  fragments  of 
elslltdar  and  compact  lavk,  intermixed  with  sandstone,  and 
cemented  by  wacke,  whilst  the  nucleus  is  composed  of  ba<^ 
salt,  which  is  sometimes  cellular,  but  the  cavitiei^  for  the 
nioM  part  are  filled  with  crystdlline  matter. 
'  The  quarry  that  has  been  made  in  this  rock  eitposes  a 
eiivem  in  the  midst  of  the  volcanic  matter,  which  serves  still 
more  ftdly  to  identify  it  with  modem  lava. 

The  basalt  is  here  disposed  in  irregular  strata,  possessing 
a  curvature  corresponding  with  the  arch  of  the  cavern,  and 
in  the  interior  I  have  found  specimens  of  a  more  cellular 
variety  of  the  same  rock,  which  seems  to  have  depended  from 

It  would  be  curious  to  learn  whether  tliis  was  the  effect  of  accident  or  design, 
for  the  difficulty  of  explainirig  the  phenomena  of  the  Blaue  Kuppe  on  the 
Wsrnerian  principles  furnishes  at  least  an  adequate  cause  for  the  omission. 


76  Ani6^4ilutidl  Volcanic  Itocks  of  JJeifcML 

Bljub  Kvppb^  nejr  Escbwege. 

the  roof,  like  the  stalactites,  as  they  are  improperly  termedy 
of  the  caves  in  the  island  of  St.  Michael.* 

A  few  miles  north  of  the  BlaueKuppef  stands  theMeimer^ 
which  not  many  years  back  was  appealed  to  in  proof  of  llie 
aqueous  origin  of  basalt,  but  which  will  probably  be -Tiewcd 
as  affording  an  additional  evidence  of  the  contraiy  hypo* 
thesis.  5       .J 

The' basalt  here  forms  an  extended  plateau  overlying  the 
new  red  sandstone  formation ;  though  in  many  places  it  does 
not  do  so  immediately,  there  being  here  and  there  interposed 
a  deposit  of  brown  coal  similar  to  that  before  noticed. 

The  latter  not  only  is  rendered  columnar,  as  DaubuiaaoQ 
admits,  near  the  line  of  contact  with  the  basalt,  j:  but  I  am 
assured  that  it  is  also  converted  into  anthracite.  DaubuisacMi 
however  contends  that  this  alteration  is  not  universal,  and 
therefore  that  the  incumbent  mass  can  never  have  been  in  ft 
melted  state,  an  objection  which  will  be  best  met  in  a  future 
part  of  this  work,  when  I  shall  have  occasion  to  shew  that 
even  modern  lavas,  in  flowing  over  the  surface  of  a  Fock^ 
do  not  always  produce  any  change. 

The  basalt  passes  gradually  into  a  granular  substance 
which  may  be  called  augite  rock,  consisting  of  felspar,  au- 
gitie,  a  little  hornblende,  and  grains  of  titaniferdus  ■  iron.. 
AH  the  upper  part  of  the  platform  is  composed  of  this  sub- 
stance, which  differs  from  the  basalt  underneath  only  in  the 
more  distinct  crystallization  of  the  component  parts.  || .  This 
was  also  one  of  the  circumstances  appealed  to  by  the 
Wernerians  in  proof  of  the  aqueous  origin  of  the  rock,  as  it 

•  See  Dr.  Webster's  description  of  that  Island,  and  my  Third  Lecture^ 

+  There  is  a  drawing  of  this  mountain  by  Von  HofiT,  together  with  a  com- 
plete description,  in  the  Magazin  der  Berliner  Gesellschaft  Naturibrschender 
Freunde.  5th  year.  An  extract  from  the  account  may  be  seen  in  Delabeche'i 
Geological  Memoirs,  page  100. 

X  See  Daubuisson  on  Basalt,  translated  by  Neill,  page  804,  note. 

II  The  same  association  of  greenstone  and  basalt  occurs  at  Bcaulieu  in  Pro- 
vence.   See  page  43. 
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Was  concehred  that  this  crystalline  structure  would  have 
been  obliterated  by  heat  ;*  and  even  Dolomieu  was  led  by 
this  conmderation  to  admit  the  Wemerian  doctrine  with 
respect  to  greenstone.  At  that  time  the  experiments  of  Sir 
J.  Hall,  Watt,  and  others,  had  not  induced. Geologists  to 
admit  that  these  crystals  might  have  been  the  very  result, 
under  certain  circumstances,f  of  the  process,  which  was  at 
first  imagined  to  be  incompatible  with  their  existence. 

Near  Cassel  is  a  lofty  ridge  of  mountains  called  the 
Habichwald,  winch,  including  the  Domberg  and  other  hills 
connected  with  it  in  character  and  position,  forms  a  large 
square  of  about  four  German  or  twenty  Ekiglidb  miles,  to  ^ 
the  west  of  thatxity. 

It  consists  principally  of  beds  of  tuff,  associated  with  sco- 
riform  lara  and  compact  basalt,  the  whole  resting  on  a  bed 
of  browii  coal,  or,  where  that  is  wanting,  upon  limestone. 

The  tuff  consists  of  a  congeries  of  highly,  c^ular  and 
vitreous  varieties  of  lava,  which  seem  to  denote  a  recent 
origin  compared  with  that  of  the  rocks  in  the  neighbour- 
hood. Its  structure  is  well  displayed  near  the  pleasure- 
grounds  of  the  Elector,  above  the  palace  of  Wilhelmshohe.j: 

The  hills  above  particularized  may  serve  to  illustrate  the 
general  structure  of  those  numerous  basaltic  cones  which 
^e  scattered  for  a.  considerable  distance  on  all  sides  of  the 
Seven  mountains,  the  Westerwald,  and  the  Vogelsgebirge, 
outliers,  at  it  were,  of  that  great  volcanic  formation,  which, 
in  the  latter  plax^es,  covers  the  whole  i^ce  of  the  country* 

Other  examples  of  the  same  kind  are  furnished  by  the 
neighbourhood  of  Frankfort  and  Hanau,  where  small  wedge- 
shaped  prominences  of  compact  basalt,  gradually  becoming 

*  See  Daubuisson  on  Basalt. 

+  See  my  Fourth  Lecture. 

X  Se«  Raspe's  account  of  some  German  Volcanos,  London,  1776. 
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cellular  nenr  the  aurbce,  appeu*  to  have  been  tltiiut  ibnHl^ 
the  midet  of  the  sandstone  formation. 

At  SteJoheim  near  Haiiau  the  cells  <^  the  buak  ata  oc> 
cupied  by  a  rariety  of  Bparry  iron  ore,  called  by  I 
sphcero-siderite,  which  forms  a  number  of  spheres  ^ 
from  a  line  to  an  inch  «Bd  a  half  in  diameter,  more  guunUj 
quite  cerapact,  but  sometimefi  hollow,  and  ceotainiag  withia 
a  nucleua  of  a  y^owish  or  ochreous  matter,  efiervesciog 
feebly  with  acids,  and  yietdiag  with  difficulqF  to  the  knife. 

I  obeerred  some  circomstances  relative  to  Uiis  mineral  am^ 
the  vock  containing  it,  which  seem  to  deserra  a  brief  noti^:^ 

One  was  the  occorrenca  of  a  sort  of  rein  t£  celluJw 
basalt  passing  through  the  substance  c^  the  compact,  lik* 
the  coarse-grained  granite  which -we  sometimes  see  pene- 
trating a  fine-grmned  variety.  In  the  midst  of  the  cellalar 
portion  was  a  cavity  filled  with  the  epatboae  iron  aboif 
noUced,  as  in  the  sketch  underneath,  where 


a  a  are  the  portions  of  compact  basalt ;  B  B  those  wbit^ 
are  cellular;  C  the  cavity  with  sphcero-siderite  coating  its 
walls. 

Another  circumstance  which  I  remarked,  was,  that  the 
external  surface  of  the  spheres  had  in  some  cases  a  covering 
of  white  calcareous  matter,  in  a  powdery  form,  sprinkled 
over  it. 

The  third  observation  I  made  indicated  still  more  strongly 
that  the  whole  had  been  in  fusion,  namely,  the  spheres  heaif 
sometimes  found  flattened  at  the  points  where  they  appeared 
to  have  been  in  contact  with  the  lava,  an  eflfect  arising  in  all 


prc>bftbiUtj  firoui  ike  conlmdioA  tfaal  iwk  ptece  m.t\m  mxr 
roiwding  parts  wbiUt  undfirgoLog  oooKng* 
.    Sem^pal  also  ^ceurs  between  tile  intersticea  of  i\m  swae 
rock,  and  I  haTe  erwi  seen  specks  of  AoMe  o^  dissemkii^ 
^braugkilftsabalaiice.  *' 

The  basalt  both  near  Fcaiddbit  dtd  near  Hanau  shews 
a  remarkable  tendency  to  concentric  arrangement,  and  aa  It 
ccmlains  much  inon,  which  becomes  readily  oxidized,  the 
jextemal  layers  decocnpoae  and  peel  off,  leaving  only  a  small 
iMielens-  of  compact  basalt  retaining  its  original  chamctenu 
In  some  cases  the  cellular  and  compact  basalt  occur  inten- 
mixed,  but  in  others  the  former  is  confined  to  the  superficial 
portions.  The'  cells  however  in  these  instances  do  not  form 
that  s^t  of  net«work  which  is  usual  to  them,  but  consdtuta 
long  cylindrical  tabes  distinct  firom  each  other,  just  such  w 
would  be  occasioned  by  bubbles^  of  gas  forcing  their  way 
upwards  through  a  soft  pulpy  substance. 

Enough  has  already  been  said  respecting  tha  geneval 
structure  of  the  Westerwald  and  the  Yogelsgebinge,  which 
appear  to  be  composed  of  extensile  plateaus  and  cones  of 
basalt,  covering  the  rock  of  the  country,  but  never  alternating 
with  it.  Nor  is  there  much  to  be  learnt  with  regard  to  the 
manner  of  their  formation  by  an  examination  of  the  districts 
themselves ;  and  a  Wemerian,  if  he  were  to  overlook  or  ex«- 
plain  away  the  fact  of  cellular  products  occurring  amongst 
theni,  might  easily  persuade  himself  that  the  whole  was  the 
result  of  aqueous  deposition,  the  evidence  of  that  return  of 
•  the  waters,  which  is  supposed  to  have  given  birth  to  the 
newest  flo&tz  trap  formation  of  his  master. 

When  however  we  turn  to  the  dykes  of  basaltic  matter 
(as  they  may  be  called)  which  are  scattered  all  around,  we 
<  can  hardly  help  imagining  that  these  more  extensive  forma- 
tions of  the  same  rock  have  in  reality  been  produced  in  the 
same  manner,  that  the  more  elevated  masses,  which  are  ge- 
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Near  Heidelbvrg. 

neriilly  most  compact,  were  first  thrown  up  by  the  agency  of 
a  volcano,  and  thai  the  cellular  matters  being  aubsequentlt 
ejected,  arranged  themselves  around  them  in  successive  strata* 
The  volcanic  operations,  taking  place  with  the  greatest 
tensity  round  the  area  now  occupied  by  the  Vogelsgebiw* 
and  the  other  basaltic  groupes,  would  cover  completely  withi 
their  products  the  surface  of  the  subjacent  rock ;  whilst  at 
a  greater  distance  from  the  sphere  of  their  activity,  isolated 
cones  of  basaltic  matter  would  be  occasionally  thrown  up^ 
as  at  Eisenach,  at  Cassel,  in  the  neighbourhood  of  Frank* 
■fort,  and  on  the  west  bank  of  the  Rhine. 

Besides  the  volcanos  above  enumerated,  there  occur  neaf 
the  borders  of  the  Rhine,  but  higher  up  the  stream,  oUmC 
rocks  which  are  said  to  have  a  similar  origin. 

In  the  Odenwald,  a  group  of  hills  in  the  neighbourhood 
of  Heidelburg,  from  the  midst  of  the  new  red  sandstone 
rise  some  eminences  in  which  basalt  is  associated  with  au< 
^te  rock  (dolerite  of  Brongniart),  and  contains  nephelint 
(Katzenbuckel),  mica,  mesotype,  olivine,  and  titaniferoot 
'  iron  ore.  It  is  probably  analogous  to  tlie  Hessian  basalUi 
The  augite  rock  is  seen  in  situ  at  Gaffittein,  the  basalt  co* 
taining  olivine  at  Pechsleinkopf  and  Durkheim,* 

Near  Freyburg  in  the  Biisgaw  is  the  group  of  the  Kiusei^ 

Btuhl,  of  which  Dr.  Boue  has  given  an  account  in  his  memfW' 

on  the  South-west  of  France. t     It  appears  from  his  repoit 

■to  be  a  mass  of  augile  rock  with  excess  of  felspar  (dolerite 

j    ielspathique)  thrown  up  from  the  midst  of  the  plastic  clay. 

The  highest  mountain  in  the  groupe  is  the  Kmserstublf 
which  rises  to  the  height  of  about  1120  feet  above  the  rl 
^and  this  with  the  other  eminences  composed  of  the  s 
materials  are  ranged  in  an  elliptical  form  round  a  valley. 

These  rocks  oiler  no  trace  of  craters  or  streams  of  lavai, 

•  See  Leonhard  Taschenbueh  for  1822. 

-t  Annalea  des  Science*  NKiutellei,  August,  1S34. 
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but  are  associated,  especially  near  the  surface,  with  cellular 
lava,  containing  calcareous  spar  and  mesotype.  Hyalite  oc- 
curs in  the  cavities,  and  incrusting  the  surfaces  of  the  rock. 
Tufaceous  matters  are  not  common,  but  occur  along  the 
Rhine  at  Breisach,  where  they  seem,  like  those  near  Eisenach, 
to  be  contemporaneous  with  the  augite  rock. 

I  am  also  assured  that  the  rock  of  Kaiserstuhl  is  partially 
covered  with  a  calcareous  deposit,  the  only  instance  I  believe 
among  the  Rhine  volcanos  in  which  this  occurs. 

Saussure,*!-  who  visited  this  groupe  in  1794,  and  appears  to 
have  been  somewhat  swayed  by  the  authority  of  Werner, 
is  nevertheless  compelled  to  acknowledge  the  volcanic  origin 
of  the  rocks  about  Limburg,  which  are  in  part  penetrated 
with  oval  cells,  in  great  measure  void,  and  of  the  tuff  about 
Gchardberg,  which  contain  fragments  of  scoriform  lava. 
The  origin  of  the  basalt  itself  he  considers  doubtful,  but 
there  are  few  at  the  present  day  who  will  concur  with  him 
in  that  opinion,  considering  how  intimate  appears  to  be  the 
connection  between  the  porous  and  compact  rocks  in  this 
locality.  Upon  the  whole  the  groupe  of  the  Kaiserstuhl 
may  be  set  down  as  belonging  to  the  same  sera  as  the  basalt 
of  the  Westerwald,  and  the  trachyte  of  the  Seven  Mountains. 

A  few  miles  to  the  north  of  the  Lake  of  Constance  is  the 
commencement  of  another  series  of  basaltic  and  porphyritic 
cones,  first  seen  at  Hohentwiel  and  in  several  detached  hills 
contiguous,  which  rise  from  the  midst  of  the  (Jura?)  lime- 
stone formation. 

They  consist  in  part  of  clinkstone,  and  in  part  of  basalt, 
accompanied  with  tuff  containing  fragments  of  trap  rock 
(always  compact)  as  well  as  of  gneiss,  limestone,  quartz,  &c. 
all  cemented  by  a  wacke-like  paste  of  a  ochrey  colour. 

In  the  hill  of  Magdeburg,  a  passage  is  said  to  exist  be- 

+  Journal  de  Physique,  vol.  44. 
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tween  the  clinkstone  and  the  basalt ;  *  at  Hohentwiel,  the 
former  contains  veins  and  nodules  of  natrolite,  together  with 
opal,  pitchstone  and  hyalite. 

In  Wirtemburg  basalt  occurs  both  in  overlying  masseSy 
and  dykes,  in  various  places  along  the  chain  of  the  Rauhe 
Alp  south  of  Tubingen,  and  is  perhaps  connected  with  die 
rocks  of  Swabia  above  described.  Professor  Seubler  +  re- 
marks, that  the  horizontal  stratification  of  the  limestone  com- 
posing that  country  is  destroyed,  wherever  the  basalt  ap- 
proaches it. 

The  chief  localities  are  Linsenhofen,  Faisel,  Dettingeiiy 
Jusiberg  near  Urach,  Grabenstetten,  Donstetten,  the  yalley 
of  Outtenburg,  Rauberstege  near  Brachen,  near  Dottingei^ 
Offehhausen,  Ehningen,  and  Donaueschingen. 

Basaltic  rocks,  many  of  which  are  probably  referable  to 
the  same  class  as  those  already  noticed,  appear  to  be  scat- 
tered over  many  parts  of  Germany,  especially  the  skirts  of 
the  Thuringerwald,  the  Fichtelgebirge,  the  mountains  of 
Saxony^  and  the  Reisengebirge  of  Silesia.  But  of  these  the 
information  I  have  been  able  to  procure  has  been  scanty  and 
imperfect ;  topographical  works  on  continental  geology  being 
of  all  others  the  most  difficultly  procurable  in  this  country^ 

In  order  however  to  complete  this  enumeration  of  the 
principal  trap  formations  of  Germany,  I  shall  bring  together 
such  particulars  as  I  have  been  able  to  glean  respecting  their 
characters,  position,  and  relations. 

The  Rhongebirge,  a  chain  of  mountains  east  of  Fulda, 
appears  to  be  a  continuation  of  the  same  overlying  forma- 
tion, which  constitutes  the  Vogelsgebirge,  and  is  seen  in  so 
many  other  parts  of  Hessia. 

Of  this  district  I  have  seen  no  account  of  more  modem 

*  See  for  this  and  other  particulars  a  Memoir  in  Leonhard's  Taschenbooli 
for  1823,  by  the  Oberbergrath  Selb. 

+  The  Wirtemburgischer  Jahrbucher  for  1824,  contains  an  account  of  these 
basalts,  and  an  extract  is  given  from  it  in  the  Bulletin  des  Science*  for  NovfOi- 
ber,  1S25. 
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dale  than  that  of  Voigt  in  his  work  entitled  ''  Beschreibung 
des  Hochstifts  Fuld,"  published  in  1783. 

This  writer  speaks  of  the  whole  country  as  indicating . 
volcanic  action,  containing  in  most  parts  rocks  of  basalt 
and  clinkstone  porphyry  (hornschiefer). 

South-east  of  Fulda  is  a  circular  cavity  which  he  con- 
siders to  have  been  a  crater,  and  which  is  full  of  water,  like 
the  Maars  of  the  Eyfel  district.  It  is  closed  in  by  two  hills, 
which  meet  towards  the  east,  but  on  their  western  extremity 
leave  an  i^)erture  in  which  the  hollow  called  the  crater  is 
found.  The  first  of  these  hills,  called  the  Euben,  is  com« 
posed  of  what  Voigt  denominates  lava,  probably  a  scoriform 
or  amygdaloidal  basalt ;  the  second,  the  Pferdekopf,  of  por« 
phyry  slate,  which  seems  to  have  been  forced  through  the 
lava.  The  sandstone  rock  adjoining  is  hardened  and  dther^r 
wise  altered,  and  where  the  lava  is  in  contact  with  it,  there 
18  an  intermixture  between  the  two. 

From  this  account  of  Voigt's  one  should  be  led  to  conjee* 
lure,  that  some  of  the  volcanic  rocks  of  the  Rhongebirge  are 
more  recent  than  those  of  the  neighbouring  country,  and 
posterior  even  to  the  formation  of  the  vallies,  but  1  am  not 
aware  that  the  statements  of  this  Geologist  have  been  con- 
firmed by  any  more  modem  observer. 

The  example  indeed  of  Faujas  St.  Fond,  who  saw  traces 
of  craters  in  the  basaltic  rocks  of  the  Hebrides,  ought  to 
render  us  cautious  in  receiving  accounts  given  by  geologists 
of  this  school,  at  a  period  when  every  volcano  of  whatever 
age  was  imagined  to  have  been  formed  after  the  model  of 
]^na  and  Vesuvius. 

Dr.  Boue,  in  his  paper  on  Germany,  notices  the  passage  of 
this  clinkstone  rock  into  a  kind  of  pearlstone  at  Hel^urg 
near  Coburg. 

On  the  north-eastern  limit  of  Bohemia  at  the  foot  of  the 
Fichtelgebirge  occurs  a  series  of  basaltic  cones,  extending 
from  Egra  to  Parkstein.  The  localities  are :  Parkstein, 
where  indurated  marl  is  imbedded  in  the  basalt,  as  at  Eise- 
nach ;  Neustadt  am  Culm,  Kemnat,  Culmain,  Friedenfels, 
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and  five  different  spots  between  Waldsassen,  Redwitz,  and 
Witterstein. 

At  Egra,  the  hill  of  Kammerberg  *  is  a  conical  heap  of 
scoriee,  probably  of  more  recent  date  than  the  basalta  witk 
which  it  is  associated. 

The  hot  springs  of  Carlsbad  (which,  in  Berzelius's  ofH- 
nion,  t  owe  their  temperature  to  the  rise  of  carbonic  acid 
and  steam,  strongly  heated  at  a  great  depth,  through  tbe 
mineral  waters  of  the  place)  may  perhaps  be  regarded  .as  a 
proof  that  the  volcanic  action  goes  on  to  a  certain  extent 
even  at  the  present  time. 

From  E^ra  to  Toeplitz,  and  from  thence  to  the  Reisenge^ 
birge  in  Silesia,  a  chain  of  basaltic  and  clinkstone  hiUs.^p* 
pears  to  extend  in  a  direction  nearly  parallel  to  that  of  the 
primitive  range  of  the  Saxon  Erzgebirge. 

Near  Toeplitz  in  Bohemia  basalt  and  clinkstone  x>cciir 
united,  as  near  the  Lake  of  Constance,  the  latter  forming 
the  lofty  conical  hill  of  Bilin,  in  which  fragments  of  gneiss 
occur  surrounded  by  the  volcanic  matter.  Beds  of  tuflF  al- 
ternating with  tertiary  limestone  appear  in  the  neighbouiw 
hood.  The  hot  springs  of  Toeplitz  are  well  known. 
.  I  visited  this  spot  in  1820,  but  in  too  superficial  a  manner 
to  speak  with  confidence  with  respect  to  the  age  and  charao* 
ter  of  these  rocks, — I  believe  however  that  they  will  be  found 
to  belong  to  the  class  of  tertiary  volcanos. 

Dr.  Boue  states  in  his  memoir  on  Germany,:):  that  scons 
occur  at  Friedland  in  the  Mittelgebirge,  and  likewise  in  the 
circle  of  Pilsen,  at  Wolfsberg,  and  at  Salesel. 

A  similar  series  of  basaltic  cones  occurs  likewise  on  the 
Saxon  side  of  the  Erzgebirge,  from  the  neighbourhood  of 
Schwartzenburg  on  the  south-west,  to  the  hill  of  Stolpen 
beyond  Pima  on  the  north-east.  || 

♦  Der  Kammerberg  bey  Eger  beschrieben,  Von  T.  V.  Goethe.  Leonhard*8 
Taschenbuch. 

f  Berzelius  in  Gilbert's  Annalen  d.  Phys.  vol.74,  p.  113.  The  English 
abridgements  of  the  memoir  do  not  contain  the  remarks  to  which  I  allude. 

J  Journal  de  Phys.  for  1822. 

I  See  Daubuisson  on  Basalt. 
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Under  various  shapes,  as  in  platformii  cones,  and  domes^ 
basalt  forms  the  summits  of  about  twenty  mountains,  some 
of  which  are  isolated,  others  connected  below  with  the 
neighbouring  mountains,  the  basaltic  cap  alone  remaining, 
separate.  It  forms  the  highest  points  in  the  country,  and 
principally  occurs  near  the  ridge  of  the  primitive  chainw 
As  I  am  not  aware  of  the  occurrence  of  scoriform  matter  in 
any  of  them,  nor  of  their  being  incumbent  on  any  very 
recent  deposits,  I  should  have  omitted  all  mention  of  them, 
as  unconnected  with  the  immediate  subject  of  these  lectures, 
had  I  not  been  desirous  of  completing,  so  far  as  it  was  pos- 
sible, this  enumeration  of  the  basaltic  formations  of  Ger« 
many. 

The  localities  mentioned  by  Daubuisson  are,  1.  the  moun- 
tain called  Schiebenburg,  1000  to  1300  feet  in  height,  cele- 
brated for  the  apparent  passage  of  wacke,  into  clay  on  the 
one  side,  and  into  basalt  on  the  other,  which  was  long  ap- 
pealed to  in  proof  of  the  aqueous  origirt  of  the  latter  rock ; 
%  the  Pcehlburg,  near  Annaberg,  consisting  of  columnar 
basalt  resting  on  gneiss ;  3.  the  BcBrenstein,  six  miles  to  the 
south  of  Annaberg;  4.  the  Spitzberg,  a  peak  consisting  of 
mica-slate  capped  with  basalt,  4000  feet  above  the  level  o|* 
the  sea ;  5.  Heidelburg,  near  Seifien ;  6.  Lichtewalde,  on 
the  frontier  of  Saxony  and  Bohemia,  3000  feet  high  ;  7,  the 
Steinkopf,  consisting  of  gneiss,  capped  by  syenite-porphyry, 
covered  by  a  small  platform  of  basalt ;  8.  Geissengensberg, 
near  Annaberg ;  9.  Luchauerberg,  south-west  of  Dippols- 
walde ;  9.  Cottauer-spitze,  a  cone  of  basalt  resting  on  sand7 
stone;  10.  Heulenberg;  11.  Winterburg,  near  Schandau, 
and  on  the  eastern  side  of  the  Elbe,  the  remarkable  colum- 
nar basalt  of  the  Stolpen,  which  is  incumbent  on  granite. 

Besides  these,  there  occurs  between  Dresden  and  Frey- 
burg  a  basaltic  eminence,  called  the  Landberg,  where  the 
fundamental  rock  is  gneiss  covered  with  clay^-slate. 

In  all  these  cases  it  may  be  remarked  that  the  basalt  oc- 
curs as  an  overlying  mass,  and  never  alternating  with  the 
other  rocks  of  the  country,  §o  that  Werner  was  fully  borne 
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out  in  his  posttion,  that  it  constitutes  a  distinct  class  of  rock 
formations ;  he  seems  also  to  have  been  correct  in  assumii^, 
that  there  is  nothing  in  the  characters  of  the  substance  itfel^ 
or  in  the  minerals  associated  with  it,  as  found  in  Saxony, 
which  stamps  it  as  the  product  of  fire ;  and  he  might  he 
warranted,  considering  the  vague  descriptions  of  geological 
phflenomena  given  by  travellers  at  the  time  he  commcncjed 
his  career,  in  framing  a  system  without  reference  to  thcik 
statements ;  but  he  cannot  be  so  well  excused  for  his  obstt* 
nacy  in  adhering  to  the  same  erroneous  conclusions  in  is(|ptte 
of  the  evidence  afterwards  brought  together  in  contradtctioll 
to  them,  and  that  even  by  some  of  the  most  eminent  of  Wa 
own  disciples,  such  as  Humboldt  and  Von  Buch,  who  aeeiii 
to  have  deviated  more  and  more  widely  from  the  creed  of 
their  master,  in  proportion  to  the  extent  of  their  acquauitA 
ance  with  volcanic  phsenomena. 

'  If  we  follow  into  Lusatia  the  chain  of  the  mountains  of 
Saxony,  we  find  that  many  of  the  eminences  are  capped 
with  basalt,  presenting  the  same  characters  and  relations  as 
it  does  in  Saxony.*  The  only  difference  to  be  observed  is, 
that  in  the  latter  country  the  basaltic  hills  are  situated  near 
the  summit  of  the  mountain  ridge,  whereas  in  Lusatia  they 
are  nearer  its  foot.  One  of  the  most  considerable  indeed, 
the  Lanscrone,  near  Grcerlitz,  a  conical  hill  near  1000  feet 
in  height,  stands  entirely  isolated  in  the  plain,  and  detached 
from  the  mountain  chain,  from  which  it  is  about  six  miles 
distant. 

In  the  Riesengeberge  of  Silesia,  which  may  be  considered 
a  sort  of  prolongation  of  the  Saxon  chain,  the  hill,  called 
the  Kleine  Schneegrebe,  is  basaltic  on  its  north-west  side, 
and  the  basalt  appears  to  have  been  protruded  through  the 
midst  of  the  granite  which  forms  the  remainder  of  the  hill.t 

*  See  Daubuisson  on  Basalt,  English  translation,  p.  73. 

+  Singer  in  Leonhard's  Taschenbuch,  1823;  and  for  the  Wemerian  view  of 
its  formation,  Daubuisson  on  Basalt,  p.  235,  Eng.  Trans.  Professor  Jameaon  is 
there  said  to  regard  it  as  an  "  upfiiling,"  that  is,  he  considers  its  position  as 
dependant  upon  the  irregularity  of  the  granitic  surface  in  that  part. 
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In  one  part  hu^  fragments  of  this  rock  are  entangled  in, 
and  cemented  into  a  compact  mass  by  a  basaltic  paste,  the 
whole  forming  a  singular  species  of  coi^lomerate.  The 
basalt  is  attiiygdaloidal)  and  contains  zeolite  and  mesotype. 
It  attains  to  the  height  of  4661  feet  abore  the  sea. 
;  Von  Bach,  in  his  description  of  the  environs  of  Landeck 
in  the  county  of  Glatz,*  has  noticed  four  basaltic  hills 
Superimposed  on  pritnitiYe  rocks,  th^  most  considerable  of 
which  is  the  mountain  of  Deberschaar. 
.  It  also  ai^ars  from  the  late  work  of  (Eynhausen  on  the 
Cteology  of  Upper  Silesia,  that  a  numerous  series  of  isolated 
baialtic  cones  extends  from  the  Oder  at  Fachenburg  to 
Ttoppau,  and  from  thence  to  Freidenthal  in  Moraria^t 
(  A  few  miles  south  of  the  latter  place,  but  north  of  Olmutz^ 
is  the.little  town  of  Hof,  near  which,,  in  the  chain  of  hills 
called  Gesenke,  is  a  volcanic  mass  which  exhibits  indications 
ef  a  more  recent  origin. 

•  •        .  - 

♦  Min.  Description  of  the  environs  of  Landeck  by  Von  Buch,  translated  by 
Dr.*  Anderson.    Edinburgh  1810.  "* 

-f  Between  Michelau  and  F^alkenburg,  Sasalt  crops  out  of  alluvial  soil. 

'Between  Troppelwitz  and  Jagerndorf,  are  the  basaltic  cones  of  Schonweise ; 
near  Troppau  those  of  Stremplowitz  and  Ottendorf ;  both  amongst  tran4itioil 
illate  and  grey  wackis. 

Basalt  of  Kohlenburg  amongst  primitive  slate. 

l^asalt  also  occurs  between  Tillowitz  and  Schiedlow,  south  of  Falkenburg, 
atid  ileat  Rakto. 

BifsaU  bloeke^  neat  Lipten. 

At  Annaberg  a  basaltic  cone  1800  or  1400  feet  high. 

A  basaltic  hill  called  the  Malwitzberg  extends  between  the  towns  of  Michelau 
add  ^alkenburg;  the  basalt  is  prismatic,  contains  little  olivine,  but  much 
ijteatite.     On  the  sides  are  blocks  df  a  quartzy  sandstone,  perhaps  tertiary. 

Near  Schonweise,  not  far  from  Jagerndorf,  two  cones  of  basalt  surrounded 
by  slate  clay,  passing  into  transition  conglomerate. 

South  of  Troppau,  at  OttendorfF,  Basalt  in  a  transition  country. 

I9orth-W6st  of  ditto,  at  Stremplowitz,  are  cones  of  basalt  partly  porous. 

Between  Bennesch  and  Raadenburg,  basaltic  tufa  containing  augite ;  it  is  a 
building  stone. 

At  Kohlerberg,  south  of  Freudenthal,  occurs  a  basaltic  amygdaloid,  contain* 
ing  quartz,  calcareous  spar,  chalcedony,  chlorite.  It  resembles  the  basalt  of 
ihe  Buchb^rg  near  Landshuty  and  is  the  nearest  point  to  the  primitive  range 
alwhidi  basalt  is  found. 
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The  fbllo¥ring  acccmnt  of  it  is  extracted  firom  a  Germaii. 
periodical  work  called  the  Hesperus,  for  January  1881* 

The  hill  called  the  Raudenburg,  which  is  situated  to  the. 
south-east  of  the  village  of  that  name,  is  SS50  feet  above 
the  sea,  and  is  composed,  of  reddish,  greyish,  or  blackisli- 
scorise,  which  look  as  fresh  as  those  of  tbe  Puy  de  la  Nague 
or  of  Vesuvius,  and  of  basalt.  t 

These  products  inclose  fragments  of  granitic  rocks,  anA- 
of  mica  or  clay-slate,  which  are  much  altered,  and  aeenf 
to  pass  into  the  scoriform  mass  which  envelops  them.  To 
the  south-east  of  this  hiU,  near  Heydenpiltsch,  are  two  hil<' 
locks  of  compact  basalt,  and  more  to  the  south  near  BiO' 
chersdorf,  is  a  basaltic  hill  called  the  Saunikal,  and  on  die 
right  of  the  Mora  river,  near  Friedland,  are  two  others.  To 
the  north-east  are  two  funnel-shaped  cavities,  of  wfaidi  the 
largest  is  75  feet  in  breadth  and  18  in  depth. 

These  basalts  rise  from  the  midst  of  mica-slate,  are  cooH 
pact  and  sometimes  columnar,  and  contain  olivine. 

Lastly,  on  the  western  border  of  Moravia,  near  the  fron- 
tier of  Hungary,  is  a  small  basaltic  deposit  near  Banow, 
described  by  Dr.  BouS  in  his  geological  memoir  on  Grermany 
above  noticed. 

It  is  a  cone  of  grey  clinkstone,  containing  crystals  of 
hornblende,  and  the  few  pores  which  are  distributed  through 
its  substance  are  elongated  in  a  vertical  direction.  On  its 
western  side  it  encloses  portions  of  hardened  clay,  and 
sandstone,  of  various  colours,  and  on  its  eastern  side  it  has 
thrown  up  and  cracked  in  various  directions,  a  very  large 
mass  of  the  same  kinds  of  rock,  which  are  also  hardened 
where  in  contact  with  it. 

Thus  it  would  appear  that  on  either  side  of  the  great 
primitive  chain  which  passes  through  the  centre  of  Grer- 
many, the  several  parts  of  which  are  known  under  the  names 
of  the  Thuringerwald,  the  Fichtelgebirge,  the  Erzgebiige, 
the  Riesengebirge,  &c.  occura  a  line  of  basaltic  cones,  which 
though  detached  one  from  the  other,  yet  are  so  placed  as  to 
indicate  a  certain  mutual  connection.    This  notion  is  con- 
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finned  by  observing,  that  similar  formations  occur  chiefly 
at  a  certain  distance  from  these  primitive  ranges,  for  Von 
Ho£f  has  remarked,*  that  if  a  line  be  drawn  from  Upper 
Liusatia  to  Culmbach  in  the  country  of  Bayreuth,  and  ano- 
ther fix>m  the  same  point  in  a  north-westerly  direction,  so  as 
to  pass  through  the  towns  of  Eisenach  and  Munden,  no. 
basaltic  rock  is  to  be  met  with  north  of  that  line,  notwith« 
standing  the  abundant  occurrence  of  it  to  the  south. 

The  same  author  has  further  shewn  in  another  of  his 
publications,  t  that  the  shocks  of  earthquakes  are  most  com- 
mon in  the  same  direction  as  that  of  the  basaltic  masses 
themselves,  and  round  a  certain  distance  on  either  side  of 
the  line  in  which  they  occur* 

The  importance  of  these  observations  will  be  more  clearly 
perceived,  when  it  is  shewn  that  rocks  indisputably  volcanic 
are  found  to  be  placed  in  the  same  linear  direction ;  as  it 
will  add  one  to  the  series  of  proofs  by  which  the  origin  of 
Trap  Rocks  is  connected  with  that  of  modern  Lavas. 

*  See  de  la  Beche's  Geological  Memoirs,  p.  100. 

f  Geschichte  der  Veranderungen  der  Erdoberflache,  vol.  ii.  an  excellent^ 
work,  which  has  led  me  to  refer  to  several  writings,  in  the  German  language 
especially,  that  might  otherwise  hare  escaped  my  notice. 
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OiJ  tHE  VOLtANIC  COUNTRIES  VtsitED  tt  TBlfe 
*  AUTHOR  IN  1823—24. 


Volcanic  rocks  of  Hungary — either  tracl^tic  or  ba$fidiier^. 
Division  of  Trachytic  rocksy  according  to  Beudunt^  in^ 

.  jive  species. 

description  of  the  \st  Spqcies^  Trachyte  proper-^Of  the 
2dp  Trachyte  Porphyry — Of  the  Srf,  Pearlstone — Of 
the  4ithj  Millstone  Porphyry — Of  the  &th^  Trttchytic 
Conglomerate.-^Alum  rock  of  Hungary  considered-^ 
Analogous  formations  in  Great  Britain — Older  Por* 
phyries  of  Hungary-^Basaltic  rocks  of  Hungary . 

Account  of  the  Volcanic  rocks  of  Transylvania  ComtnU' 
nicated  by  Dr.  Boue. 

Trachytic  Formation  near  Grcetz  in  Styria. 

Volcanos  of  the  North  of  Italy — Euganean  Hills — Vicen* 
tine — Comparison  of  the  Basaltic  rocks  as  old  as  the 
Scaglia^  and  posterior  to  that  deposit, 

Volcanos  of  central  Italy.  —  Radicofani  —  Lagoni  of 
Tuscany. — Campagna  di  Roma — Monte  Albano — Tuff 
of  the  Seven  Hills — Tiburtine  stone  and  other  freshwater 
deposits. 

Volcanos  of  the  South  of  Italy. — Those  ofRocca  Monfina 
—  Of  the  Ponza  Islands — Of  M.  Volturno — Lacus 
Amsanctus. 

Of  Campania. —  Vesuvius* — 1^^.  History  of  the  mountain'^ 
Condition  of  its  Crater  in  the  time  of  the  Romans — 
Structure  of  Monte  Somma  explained — Antiquity  of  its 
eruptions — Renewal  of  its  activity  in  A.  D.  79 — Erup* 
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tions  since  that  period^-^Sd.  Structure  of  the  mountain — 
its  Lavas — its  ejected  masses-^^nd  gaseous  exhalations^^ 
3d.  Alterations  produced  in  the  neighbourhood  of  Naples 
hj/  Volcanic  action-^Teikple  of  Puzzuolir^MonieNuovo. 

Solfatara — Chemical  phasnomena — Lava  ofM.  Olibano. 

Puzzolana.  of  Naples-^Lake  Agnano^-^-Orotto  del  Cane-^ 
La&e  Averno — Condition  of  the  Phlegrean  ^Ids  in  the 
time  of  Hornets 

Islands  of  Procida — and  of  Ischia — Lava  of  1302 — Silt* 
ceous  sinter  and  other  volcanic  products.    . 

Lipari  Islands. — Stromboli — its  Volcano — its  Dykes. — 
Lipari — its  Pumice  and  ObsiAaiis^^  Volcano — iki  Crater, 

Mocks  in  Sicily  connected  mth  Volcanic  operations •-'^Blue 

.  Clay  or  Marl  formation, — Macaluba — Logo  Naftia.r^ 
Ante-diluvial  Volcanic  rocks  of  the  Val  di  Noto-*-^Of  the 
neighbourhood  of  Etna, — ^Post-diluvial  ditto^-^BtydoUe'*  s 
statement  with  respect  to  the  Lavas  cfJaci  Reale  cor* 
rected. — Antiquity  of  the  Eruptions  of  Mount  Etna  con* 
sidered. — History  of  the  Volcano — Changes  it  has  prO" 
duced  in  the  face  of  the  neighbouring  country — Pari  of 
Ulysses — Formation  of  the  Monti  Rossi. 


Hating  in  my  preceding  Lecture  given  ai  detailed  account 
of  Ae  volcanos  of  France  and  Germany,  I  propose  in  my 
present  to  lay  before  you  a  briefer  description  of  those  which 
I  visited  in  the  years  1823  and  1824,  supplying  from  time 
to  time  the  deficiencies  of  personal  examination  by  reference 
to  the  best  authorities. 

As  my  tour  itself  comprehended  a  portion  of  Hungary 
ftnd  Styria,  together  with  the  greater  part  of  Italy,  Sicily, 
and  the  adjoining  islands,  we  may  expect  in  the  course  of 
the  details  that  I  shall  give,  if  not  to  light  upon  facts  rela-* 
tive  to  this  branch  of  Natural  History  that  have  hitherto 
esc£^d  notice,  at  least  to  elucidate  certain  particulars  less 
fully  developed  in  the  structure  of  the  preceding  countries^ 
than  in  those  about  to  be  described. 
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Tims  in  order  to  study  the  Natural  History  of  Trachyte, 
Hungary  is  the  country  that  should  be  chiefly  consuliwl, 
since  irom  the  extended  scale  on  whicli  the  rocks  belonging 
to  this  formation  are  develojied,  we  are  there  enabled  to 
follow  them  through  all  their  modifications  with  a  minute- 
ness not  practicable  in  Auvergne  or  in  Germany. 

With  the  assistance  therefore  of  the  elaborate  work  of 
M.  Beudanl,  I  shall  endeavour  to  lay  before  you  as  com- 
plete a  synopsis  as  possible  of  the  principal  varieties,  which 
the  trachytic  foi^mation  of  that  country  is  found  to  present. 


Eeudant  enumerates  five  distinct  groups  of  mountains 
consisting  wholly  of  trachyte,  the  characters  of  which  are 
in  all  neaily  the  same,  although  particular  parts  of  the  for- 
mation may  be  more  developed  in  one  than  in  the  rest. 

The  first  of  these  groups,  situated  In  the  north-weatem 
part  of  Hungary,  namely,  in  the  district  of  Schemnitz  and 
Kremnitz,  occupies  an  elliptical  space  of  about  20  leagues 
in  its  greater  diameter,  and  15  in  its  smallest. 

The  2nd,  a  smaller  group,  south  of  the  preceding  one, 
forms  the  mountains  of  Dregeley  near  Gran  on  the 
Danube. 

The  3rd,  is  the  mountain  group  known  by  the  name  of 
Matra,  situated  in  the  heart  of  Hungary,  east  of  the  former. 

The  4th,  a  chain  which  commences  atTokai,  and  extends 
north  to  the  heights  of  Eperies,  in  length  25  or  30  leagues, 
and  in  breadth  about  5  or  6. 

The  5th,  that  of  Vihorlet,  east  of  the  foregoing  group, 
which  is  connected  with  tlie  trachytic  mountains  of  Mar- 
morosch  on  the  borders  of  Transylvania. 

Not  only  do  these  several  groups  appear  unconnected 
with  each  other,  but  it  is  Beudant's  opinion,  that  almost 
each  particular  mountain  has  been  separately  formed,  fax 
their  escarpments  rarely  correspond,  as  is  the  case  with 
plateaus  comprised  of  basalt,  bo  that  it  is  impossible  to  view 
ihem  as  the  detached  portions  of  one  general  bed  cut  away 
by  the  opei-atioii  of  subsequent  causes. 
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Now  in  the  formation  distinguished  by  Beudant  under 
tbe  generic  term  of  trachyte,  that  geologist  has  noticed  five 
kinds  of  rock,  which,  alihough  possessing  a  common  origin, 
present  many  important  diGerences. 

These  Ave  varieties  he  lias  designated  under  (he  names 
of  Trachyte  properly  so  called,  Trachytic  Porphyry,  Pearl- 
stone,  Millstone  Porphyry,  and  Trachytic  Conglomerate. 

Trachyte,  properly  so  called,  is  characterized  by  its  por- 
phyritic  structure,  by  the  scorified  and  cellular  aspect 
which  it  has  such  a  tendency  to  assume,  by  its  harsh  feel, 
and  by  the  presence  of  crystals  of  glassy  felspar,  generally 
cracked,  and  sometimes  passing  into  pumice.  Besides 
these,  which  may  be  regarded  as  essential  to  iis  composi- 
tion, crystals  of  mica  and  hornblende  are  often  present,  and 
all  these  minerals  are  either  confusedly  united  williout  any 
apparent  cement,  or  by  tbe  intei-vention  of  a  paste  of  a  fels- 
pathic  nature,  sometimes  compact,  and  sometimes  cellular, 
This  paste  is  generally  light  coloured,  though  diflerent 
shades  of  red  and  brown  are  sometimes  communicated  to  it 
by  the  presence  of  iron,  and  there  is  one  variety  in  which 
the  paste  is  perfectly  black  and  semivitreous,  intermediate 
in  its  characters  between  pitchstone  and  basalt,  but  distin- 
guished from  either  rock  by  melting  into  a  white  enamel, 
Augite  is  sontetimes  present,  and  grains  of  titanifcrous  iron 
are  often  discoverable,  but  olivine  rarely,  if  ever,  occurs, 
and  therefore  appears  to  be  the  only  mineral  which  has  any 
claim  (o  be  considered  as  peculiar  Co  basalt. 

The  2nd  species,  called  by  Beudant  Trachytic  Porphyry, 
is  distinguished  from  the  preceding  by  the  general  absence 
of  scorified  substances.  Neither  hornblende,  augite,  nor 
titaniferous  iron  enter  into  its  composition,  but  quartz  and 
chalcedony,  which  arc  wanting  in  the  former,  are  commonly 
present  in  this  species.  In  its  general  aspect  it  bears  a  much 
nearer  resemblance  to  the  older  formations  tlian  trachyte 
properly  so  called. 

'Ihis  description  however  applies  only  to  the  characters 
of  tlie  larger  portion  of  the  mass,  for  Mons.  Beudant  is  com- 
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pelled,  in  order  to  include  all  the  varieties,  to  eBtablifh't^o 
•nbspecies,  the  one  withy  the  other  withaut  quarts,  and  in 
both  of  these  he  notices  a  variety  possessing  a  vesicfttUf 
structure.  The  subspecies  indeed,  which  is  without  quarts^ 
even  passes  into  pumice.  Many  varieties  of  Trachytic  Por^ 
phyry  contain  a  number  of  very  small  globules,  which  Mem 
to  consist  of  melted  felspar,  having  often  in  their  centre^ 
a  little  crystal  either  of  quartz  or  of  mica.  The  asattn- 
blage  of  these  globules,  leaving  minute  cells  between  them, 
sometimes  gives  to  the  rock  a  scoriform  aspect.  The  chaloe* 
dony  often  occurs  in  small  geodes,  and  sometimes  intimlEilefy 
mixed  with  .the  paste  in  which  the  crystals  are  imbedded* 

Trachytic  porphyry  also  appears  to  pass  by  imperceptible 
gradations  into,  the  next  species,  pearlstone,  which  is  charao-* 
terized  by  the  vitreous  aspect  generally  belonging  to  lis 
eomponent  parts.  It  is  evident,  that  this  definition  include! 
jMtchstone  and  obsidian,  but  these  are  of  rare  occurrence  in 
Hungary,  the  great  mass  of  this  formation  being  compofied 
of  the  mineral  called  pearlstone,  some  varieties  of  which 
pass  into  pumice. 

In  its  simplest  form,  this  rock  presents  an  assemblage  of 
globules,  varying  from  the  size  of  a  nut  to  that  of  a  grain  of 
sand,  which  have  usually  a  pearly  lustre,  and  scaly  aspect, 
and  are  set,  as  it  were,  one  upon  the  other,  without  any  sub- 
stance intervening. 

From  this,  the  most  characteristic  variety,  the  rock  passes 
through  a  number  of  gradations,  in  which  its  peculiaritiea 
are  more  or  less  distinctly  marked.  In  some  varieties  the 
globules  are  destitute  of  lustre,  and  exhibit  at  the  same  time 
sundry  alterations  in  their  size,  structure,  and  mode  of  ag- 
gregation, till  at  length  they  entirely  disappear,  and  the 
whole  mass  puts  on  a  stony  appearance,  which  retains  none 
of  the  characters  of  pearlstone.  On  the  other  hand  the  glo- 
bules, becoming  less  distinct,  either  resolve  themselves  into 
a  paste  resembling  enamel,  very  fragile,  in  which  separate 
portions  approaching  to  a  spherical  form  are  indistinctly 
visible,  or  into  a  more  vitreous  and  more  homogeneous  mass. 


which  b  gen^rftUy  bllEudc,  and  presents  till  the  cbaraoters  of 
pHchHone  or  cdMiiiian.  Among  ibeae  laiter  Tarietiea  ia  oiie 
wliiohrios^aibka  ibe  roarek«nite  of  Kamscfaatka.  i 

Sometimes  globules  consisting  oif  fel^r  occur  in  the 
roi^k,  which  are  either  compact  t>r  striated  firom  the  centre 
tA'theicireuiaference)  and  these  are  sometime  so  numcaEtnia 
that  the  whole  mass  is  composed  of  them.  Yarious  alteic'f 
nations,  occur  between  the  glassy  and  stony  varieties  ot  tha 
pearlstone,  sometimes. so  frequent  as  to  give  a  yeined  oo 
ribboned  appearance  to  the  rock^  at  others  curiously  con- 
torted as  though  they  had  been  disturbed  in  the  act  of 
eooling. 

.  Lastly^  all  these  varieties  occasionally  present  .a  cellular, 
poiroius^  spoi^,  and  fibrous  aspect,  and  pass  into  pumice. 
With  respect  to  their  chemical  jcbaracters,  ilmaybesufilK 
eient  to  ridmark  that  the  vitreous  varieties  of  pearlstone 
usually  effervesce  under  the  blow**pipe9  but  the  stony/  db 
BOt«  These  rocks  oflen  contain  geodes  of  chalcedony  and 
<^>al,  the  former  existing  in  the  more  vitreous,  the  latter  in 
the  more  stony  or  felspathic  portions.  The  opal  is  com^ 
monly  opaque,  but  is  occasionally  met  with  more  or  lesf;* 
translucid. 

The  fourth  species  is  distinguished  for  its  hardness  and 
cellularity,  qualities  which  have  caused  it  to  be  employed 
all  over  Hungary  for  the  purpose  of  millstones,  from  whence 
the  name  of  Millstone  Trachyte  has  been  applied  to  it  by: 
Beudant. 

Unlike  the  other  rocks  comprised  under  the  same  generic 
ter9i,  it  abounds  in  quartz,  or  in  silex  under  some  one  of  itsr 
modifications,  and  in  proportion  as  the  latter  earth  is  more^ 
or  less  abundant,  the  substance  puts  on  the  characters  eithecj 
of  hornstone  or  of  clay  porphyry.  The  paste  is  always  dull 
and  coarse  looking,  its  colours  vary  from  brick-red  to 
greenish-yellow,  its  fracture  is  generally  earthy,  its  hardness 
very  variable,  but  usually  considerable.  It  contains  ci*ystalsi 
of  quartz,  of  felspar,  lamellar,  and  sometimes  glassy,  and  of 
black  mica^  imbedded.    Jasper  and  hornstone  also  occur  in 
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^lests,  or  in  small  contemporaneous  veins,  very  abundantly 

^disseminated,  and  siliceous  infiltrations,  posterior  to  the  for-. 

Dialion  of  the  rock,  seem  likewise  to  occur  among  the  cells 

lich  are  every  where  distributed. 

In  examining  these  rocks  with  a  glass,  we  discover  a  mul- 

ude  of  little  globules  analogous  to  those  in  the  pearlston^ 
which  seem  to  be  of  a  felspathic  nature,  and  when  broken, 
are  found  to  contain  in  their  centre  a  little  crystal  of  quartz, 
or  a  speck  of  some  siliceous  substance. 

These  globules  in  some  cases  compose  the  whole  sub- 
stance of  the  paste,  in  others  they  are  held  together  by  a 
Bort  of  hardened  clay,  which  here  and  there  resembles  porce- 
lain-jasper. T4ot  with  standing  these  distinctions,  there  is  a 
greater  degree  of  uniformity  in  the  characters  of  this,  than 
in  those  of  the  other  species  of  trachyte,  and  the  most 
obvious  differences  between  the  several  parts  of  this  forma- 
tion relate  to  the  size  and  direction  of  the  cells,  which  are 
sometimes  so  small  and  narrow,  as  to  give  to  the  rock  a 
fibrous  character,  sometimes  of  considerable  size,  in  which 
case  they  are  in  general  coated  internally  with  crystals  of 
quartz. 

The  5th  and  last  species  comprehended  by  Beudant  under 
the  generic  term  of  Trachyte,  consists  of  those  heaps  of 
pumice,  and  other  loose  materials,  that  occur  agglutinated  to- 
gether on  the  slopes  and  at  the  base  of  the  rocks  belonging 
to  the  four  preceding  classes,  Although  the  prevailing  cort* 
stituent  is  pumice,  every  variety  of  rock  found  in  the  neigh- 
bouring hills  is  met  with  amongst  the  fragments.  The  latter 
vary  extremely  in  size,  as  well  as  in  the  mode  of  their  a^re- 
gation ;  the  cement  which  unites  them  is  often  of  a  por- 
phyritic  character,  hardly  distinguishable  from  the  fragi 
ments  themselves.  Like  tbem  it  often  contains  crystals  of 
felspar,  mica  and  hornblende,  and  sometimes  grains  of  titani- 
ferous  iron  are  diffused  through  it,  or  it  is  coloured  red  by 
the  peroxide  of  that  metal. 

The  fragments  of  pumice  are  united  together  either  imme- 
diately, or  by  the  intervention  of  a  paste  of  a  vitreous  cha- 
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racter  resembling  obsidiatf,  into  which  thfe  pumice  passes) 
iAtehsibly.  Here  and  there  the  rock  itself  has  become  de- 
composed, and  its  destruction  has  given  rise  to  beds  either, 
of  a  cellular  nature  arising  from  minute  portions  of  pumice,, 
which  still  preserve  their  fibrous  texture,  or  (where  all  traces 
of  this  have  been  obliterated)  to  masses  of  an  earthy  cha« 
racter  similar  to  the  trass  of  the  Rhine  volcanos  or  the 
^  tripoW*  of  those  in  Auvergne.  It  is  important  to  observe, 
as  fixing  the  date  of  these  conglomerates,  that  the  latter 
variety  contains,  between  Paloita  and  Prebeli  near  Schem- 
liite,  marinef  shells  of  the  same  kind  as  those  found  in  the 
Cal6aire  Grdssier  near  Paris,  and  that  it  is  covered  here  and 
elsewhere  by  beds,  which  Beudant  refers  to  the  plastic  clay 
foirmaticm. 

Th^  changes  that  have  taken  place  in  the  constitution  of 
this  conglomerate  seem  in  some  cases  to  have  proceeded  a 
step  farther,  the  earthy  beds  just  noticed  as  resulting  from 
the  reunion  of  the  finely  divided  portions  of  the  pumice, 
being  rendered  compact  by  the  subsequent  infiltration  of 
siliceous  matter ;  in  this  state  stems  of  vegetables  of  a  cylin* 
drical  form,  often  hollow,  are  found  in  it  in  a  silicified  state, 
and  crystals  of  felspar,  mica,  quartz,  and  garnet  are  dis- 
tributed through  the  substance  of  the  mass.  These  latter 
varieties  often  bear  a  (considerable  resemblance  to  the  mill- 
stone. 

The  last  stage  of  alteration  is  seen  in  the  production  of  a 
salt  composed  of  sulphuric  acid,  alumina^  and  potass,  with 
excess  of  base,  difiused  through  the  substance  of  the  earthy 
bedd  before  mentioned.  According  to  Beudant,  this  sub- 
stance differs  fi-om  alum  in  its  ciystallization,  and  is  there- 
fere  distinguished  by  the  name  of  aluminite  or  alumstone. 

It  appears  likewise  from  his  account,  that  this  salt  exists 
ready  formed  in  the  rock  from  whence  the  alum  is  ex- 
tracted, and  from  thence  he  infers,  though  as  I  conceive 
somewhat  precipitately,  that  the  sulphuric  acid  which  enters 
into  its  composition,  has  not  been  derived,  as  is  commonly 
imagined,  from  the  decompoBition  of  the  siilphuret  of  iron; 
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that  was  origin. Ily  present.  He  therefore  imogiTies,  that  at. 
some  former  period  the  rock  itself  forincil  a  sort  of  sub-| 
marine  solfatara,  and  that  owing  (o  a  continuance  of  the^ 
volcanic  action  subsequently  to  the  fonaalion  of  this  d»-, 
posit,  the  mass  became  penetrated  with  sulphurous  acidni 
which,  combining  with  the  alumina,  was  in  process  of  titn^ 
converted  into  the  particular  minerul  called  alumstone.  ^ 

Thus  the  process  in  this  case  will  be  analogous  to  thaify 
which  is  taking  place  at  the  Solfatara  near  Naples,  and  'm% 
the  cralers  of  other  half- extinguished  volcanos,  and  the^ 
same  remark  will  apply  to  the  formation  of  alum  at  Tolf^ 
in  the  Roman  Stales,  and  in  other  well  known  localities.       ■ 

I  have  several  objections  to  make  to  this  mode  of  expla^ 
nation.  In  the  first  place  it  is  by  no  means  universally  true, 
that  the  subsulpliate  of  alumina  exists  ready  formed  in  the 
alum-rock  of  Hungary,  for  in  some  cases  it  is  only  obtained: 
after  the  maas  has  become  thoroughly  decomposed.  Thougt. 
I  did  not  visit  the  breccia  near  Matra  or  Tokay,  to  which: 
Beudant  principally  refers  in  his  description,  1  examined 
with  some  attention  the  works  near  Vissegrad,  betweeoi 
Buda  and  Schemnitz,  carried  on  by  a  physician  named 
Marton,  who  had  the  kindness  to  explain  to  me  the  details: 
of  his  process. 

In  this  instance  the  stone  which  furnishes  the  alum  is  nob 
a  tuff  or  conglomerate,  but  a  trachytic  rock  containing  much. 
pyrites.  The  object  therefore  of  the  manufacturer  is  to  ac* 
celerate  the  decomposition  of  the  latter,  and  thereby  to  fuT* 
niah  the  acid  which  enters  into  the  constitution  of  the  fdumt 
This  is  effeeled  by  exposing  the  stone  to  air  and  moisture 
for  a  given  time,  fii'st  in  the  open  air,  and  afterwards  in  a 
sort  of  barn,  the  roof  of  which  can  be  raised  or  lowered  aL 
pleasure,  so  as  to  exclude  the  rain,  and  to  admit  air  and 
light.  The  latter  agent  Dr.  Marlon  considers  essentia  tft 
the  success  of  his  process. 

The  earth  is  suffered  to  remain  a  sufhcient  time,  to  effect 
the  decomposition  of  the  sulphuret  of  iron,  the  union  of  the 
acid  which  resulu  with  the  alumina  present,  and  tike  com* 


plete  p^pxydfttion  of  the  iron,  which  is  thus  reiid[eve4  tn^ 
sditth^  and  no  longer  affects  l^e  purity  of  the  product* 
Wiye  years  gener^ally  elapse  before  the  whole  is  in  a  state  of 
rciadiness  for  lixiyiation ;  it  is  then  reduced  to  a  red  ochrey 
powder,  having  on  itQ  surface  an  efflorescence  of  silky  crys* 
lal^  vrhiph  probably  consist  of  alum.  However  this  nmy 
be,  it  13  at  least  certain,  that  the  alkali  originally  present  in 
ifae  stone,  is  far  from  sufficient  to  convert  the  whole  into 
crystallizable  alum.  Having  therefore  separated  the  saline 
milter  by  lixiviation.  Dr.  Marton  finds  it  necessary  to  add 
about  S  per  cent  of  subcarbonate  of  potass,  after  which  the 
l^lutiqn  being  boiled  to  a  state  of  sufficient  concentration^ 
i^  set.  aside  to  crystallize. 

This  statement  may  be  sufficient  to  shew,  that  Beut 
d^t's  position,  as  to  the  alum  existing  ready  formed  in 
(}ie  vQ^kf  does  not  hold  good  universally ;  but  even  where 
this  is  the  ease,  it  by  no  means  follows,  that  the  salt  may  not 
have  originally  proceeded  from  the  decomposition  of  the 
sulphuret  of  iron.  Let  us  recollect,  that  the  alum-rock  of 
Matra  is  a  bed,  resulting  in  part  at  least  from  the  detritus 
of  the  very  trachyte  which  we  have  seen  to  be  so  fully 
charged  with  iron  pyrites,  and  so  capable  of  yielding  alum 
ill  consequence,  and  that  the  very  cause,  which  has  brought 
its  ipaterials  into  their  present  position,  would  be  thp  one 
most  efficient  in  occasioning  the  decomposition  of  a  metallic 
sulphuret.  Even  if  it  were  impossible  to  account  for  the  for* 
Biation  of  the  alumstone  in  this  manner,  I  should  still  hesi* 
tate  as  to  adopting  Mons.  Beudant's  explai^ation,  because 
the  rock  is  not  stated  to  possess  any  of  the  characters  be- 
longing* to  the  substances  found  near  a  modern  Solfatara 
and  does  not  appear  to  be  impregnated  either  with  sul* 
phur,  or  with  the  other  minerals  produced,  wherever  sul- 
phurous acid  has  pervaded  a  mineral  mass  for  the  period^ 
which  must  be  necessarily  supposed. 

The  Trachytic  formation  is  in  general  devoid  of  those 
HieialUc  veins  which  so  commonly  penetrate  the  older  por* 
phyiry  ai  Hungary,  but  at  Konigsburg  near  Scliemnits,  the 
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conglomerate  belonging  to  this  formation  is  richly  imprajp 
nated  with ,  auriferous  sulphuret  of  silver,  which  penradeff 
the  mass,  and  is  separated  by  simple  washing.  Ther  gold 
mines  of  Telkebanya,  near  Tokai,  appear  to  be  situated  iiji 
the  same  description  of  rock,  so  that  it  is  by  no  means  com 
rect  to  say  that  the  absence  or  presence  of  depots  of  these 
metals  serves  to  distinguish  the  newer  from  the  older  pom 
phyry,  although  it  may  perhaps  be  true,  that  it  is  only  in 
the  latter  that  true  veins  are  to  be  met  with. 

Amongst  the  siliceous  minerals  so  common  in  the  trachytst 
of  Hungary,  the  different  varieties  of  opal  have  principally 
attracted  attention.  They  are  met  with  for  the  most  part  in 
the  trachytic  conglomerate,  but  they  occur  also  in  the 
pearlstone. 

Hyalite  I  have  myself  seen,  in  more  than  one  instanoey 
coating  the  fissures  of  the  trachyte,  derived  perhaps  from  ft 
sublimation  of  the  silica  by  the  volcanic  action,  .or  firom 
a  chemical  solution  of  that  earth  by  the  steam  proceeding 
from  the  same  source. 

According  to  Beudant,  the  five  species  of  rock  included 
under  the  generic  name  of  Trachyte,  always  preserve  vrith 
relation  to  each  other  the  same  determinate  order ;  that  pro« 
perly  called  trachyte  occupying  the  central  portion  of  the 
group ;  the  trachytic  conglomerate  surrounding  the  flanks  of 
the  mountains;  whilst  the  trachytic  porphyry,  the  pearls 
stones,  and  the  millstone  porphyry  lie  intermediate.  Thaie 
is  however  no  appearance  of  stratification,  or  of  any  pause 
having  taken  place  in  the  volcanic  operations,  so  that  we 
cannot  suppose  the  most  ancient  part  of  the  formation  to 
have  been  produced  at  a  different  epoch  from  the  most 
modern,  and  are  therefore  under  the  necessity  of  regarding 
the  observations  that  have  been  made  with  respect  to  the 
rocks  which  cover  the  trachytic  conglomerate,  as  determining 
equally  the  date  of  the  whole. 

With  regard  to  the  origin  of  the  trachytic  conglomerate 
in  general,  it  is  the  opinion  of  Beudant,  that  as  the  firag-i 
ments  contained  in  it  sometimes  appear  to  be  rolled;^  a  |Murt 
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of  its  materials  is  derived  from  the  debris  of  the  surrounding 
country ;  but  as  the  latter  supposition  does  not  apply  either 
to  the  case  of  the  pumice  which  constitutes  the  larger  pro- 
portion of  this  deposit,  or  to  the  angulai*  fragments  of  other 
substances  whieh  also  occur  in  the  midst  of  it,  it  is  probable 
that  the  greater  part  of  the  constituents  have  been  ejected 
immediately  by  the  volcanic  action. 

The  following  is  a  synopsis  of  the  genus  Trachyte,  as 
given  by  Beudant. 

1st  Species,  Trachyte,  properly  so  called. 

Isl  variety  granitoid,  no  apparent  cement,  numerous  crysUtls  of 
glassy  felspar  confusedly  united ;  crystals  of  black  mica ;  horn* 
blende  rare. 

dnd,  ptith  mica  and  homblende-^-ihese  crystals  abundant,  and  genc-^ 
rally  black ;  paste  of  compact  felspar,  pretty  pure,  and  fusible 
into  a  white  enamel ;  crystals  of  glassy  felspar. 


3d,  p^rphyritit>^pa8ie  of  compact  felspar,  fusible  into  a  white 
enamel ;  crystals  of  felspar,  ^assy,  lamellar,  and  compact;  au-p 
gite  more  or  less  abundant ;  no  mica  or  hornblende. 

y 

4th,  biackj — ^the  paste  black,  dull,  fusible  into  a  white  enamel,  with 
black  spotSf  psore  or  less  numerous,  disseminated ;  crystals  of 
glassy  fdspar,.  sometimes  of  augite. 

5th,  ferruginous,  paste  ferruginous,  dull,  of  a  red  or  brownish 
•    coliolir,  blackening  When  tMsated ;  fusible  iifto  a^black'or  scori« 
,  form  eoamdr crystals  of  glassy  felspar;  numcr6as' crystals  of 
black  mica. 

6th,  edrih^  or  idndie,'  paste  earthy,  porous,  light-*fcolonred ;  crys- 
tals of  glassy  felspar  rare ;  crystals  of  black  mica  abundant. 

7th,  semi-vitreous  (PseudO'basaiie  of  Humboldt),  paste  semi-vitreous, 
black  or  brown ;  fracture  large-conchoidal,  losing  its  colour  in 
the  fire,  and  melting  into  a  white  enamel. 

jBth,  cellular,  paste  of  various  descriptions ;  contains  nuoierous  cells 
inore  or  less  imperfect,  either  round  or  elongated. 
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9d  Species^  TAa'chttic  Porfhtrt. 

tst^vbspecses,  wtOi Trgitiaiw  of  qu9rtz%  hme  of  twaptLH,  fOUp^, 
with  or  without  lustre,  diOre  or  le^  ahuiidaiit,  coatainia^  moll 
commonly  a  great  number  of  small  semi- vitreous  globules'^  €f|i- 
tals  of  quartz  more  or  less  numerous ;  crystak  of  glassy  fdq^, 
generally  well-defined ;  black  mica,  in  isinall  )iieinigonal  plalQ|> 
more  or  less  numerous. 

1st  variety,  gUstenit^,  base  composed  of  compact  fdspar  wHh  tt 
enamelled  surface,  easily  fusible. 

9nd,  semi-vitreoui  (vitro-lithoide),  almost  aitirely  cottipoded  9f 
semi-vitreous  globules,  amongst  which  are  disseminated  crys- 
tals of  glassy  felspar,  and  Mme  of  quarts. 

Sd,  tearffvrm ;  paste  semi-vitreous  and  dull,  porous,  or  with  irre- 
'    gulair  and  imperfect  cells. 

4th,  emvemous ;  paste  scarcely  discernible ;  small  and  very  nume- 
rous cells  $  irregular  cavities  of  viurious  sizes;  mass  inlfiisible. 

8d  Subspecies^  without  quartz;  base  of  compact  felspar  with  or 
without  lustre,  more  or  less  fusible  before  dke  blowpipe;  smill 
crystals  more  or  less  numerous,  often  with  imperfect  termina- 
tions, of  glassy  or  earthy  fel^^ ;  black  mica  in  small  hexago- 
nal plates;  no  crystals  of  quartz  or  semi-vitreous  globules. 

l(|t  variety  glistening ;  base  of  compact  felspar,  easily  lusible  into, 
a  white  enamel ;  small  crystals  of  felspar,  commonly  of  the 
glassy  kind. 

8d  dmlli  base  of  compact  felspar,  dull,  difficultly  fusible  before  the 
blowpipe ;  small  crystals  of  felspar,  commoaly  earthy,  some- 
times very  rare. 

Sd,  cellular  or  pumieeous  \  base  almost  infusible,  foll^fieelli;  crys- 
tals of  felspar  rare  and  indtslinct. 

*3d  Sjpecies,  Pedrktone* 

1st  variety,  testaceous ^  made  up  of  an  assemblage  of  vitneous  glo- 
bules more  or  less  distinct,  generally  scaly  (testaces)  and  ^th  a 
pearly  luvtre ;  mica  and  felspar  very  rare. 
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ita&f  ^fihetvtUl^y  iiaste  of  penrbtone  not  lestiu^opus,  .'ndth  ui  ena^ 
Bielltfd  iiutre«  and  a  grey  colour ;  numenoiis  crystals  of  very 
brilliant  black  mica ;  glassy  felsj^  in  small  crystals,  ordinarily 
with  th^ir.terminationb  imperfect. 

'My  pUekMtims.i  'Titreou^jpasteapproadiing  to  obsidian,  often  witb 
a  hXly  luatre  \  crystals  of  glassy  felipar  with  imperfect  terminair 
ttons ;  little  geodes  of  chalcedony  more  or  less  numerous. 

4th,  ^Miliar  •fotiy,  stony  mass,  composed  of  globules  with  a  com- 
pact or  .radiated  structure,  semi-vitreous  or  altogether  stony. 

.5th,  stony  in  mass.  The  whole  mass  semi-vitreous,  or  altogether 
stony ;  the  structure  passing  sometimes  into  porphyritic. 

The 'Millstone  Porphyry  is  so  uniform  in  its  composition,  as  not  to 
admit  of  being  distinguished  in  the  manner  of  the  preceding  spe- 
cies; but 

The  5th  Species,  Trachytic  Conglomekate,  is  divided  into 
1st,  the  conglomeraies  made  up  of  the  debris  of  Trachyte,  cemented 
by  an  earthy  or  more  or  less  crystalline  paste. 

8d,  the  conglomerates  consisting  cMeJly  of  the  trachyte  and  millstone 
porphyry,  rounded  or  angular. 

8d,  ihe^pumicoous  conglomerates,  composed  of  iragRients  of  pumice 
and  obsidian,  .agglutinated  either  immediately,  or  by  the  inter- 
vention of  some  cement  more  or  less  earthy. 

4th,  the  porphyritic  conglomerates,  resulting  from  the  decomposi- 
tion of  the  pumice. 

5th,  the  aluminous  beds,  consisting  of  tufaceous  or  conglomerate 
.  rocks  impr^nated  with  alum. 


I  have  now,  by  the  assistance  of  Beudant's  laborious  and 

apparently  accurate  treatise,  presented  you  with  an  account 

-  of  the  trachytic  formation  as  it  exists  in  the  cotintry  where 

-it  is  most  fully  developed,  and  have  been  induced  in  the 

present  instance  to  enter  more  into  particulars  than  I  shall 

An  general  do,  as  I  am  not  aware  of  any  detailed  account 

of  this  class  of  rocks  existing  in  the  English  language.  This 
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deficiency  must,  I  suppose,  be  ascribed  to  the  total  absence 
of  the  formation  itself  from  all  parts  of  the  British  do- 
minions, for  though  we  possess  for  the  most  part  ejtcellent 
descriptions  of  whatever  relates  to  the  physical  structure  of 
our  own  country,  we  are  not  so  well  supplied  with,  rei^iect 
to  that  of  the  Continent,  in  this  respect  falling  considerably 
short  of  our  neighbours  the  Germans,  who  with  a  laudable 
zeal  and  impartiality  instantly  avail  themselves  of  ^ery 
addition  to  the  existing  mass  of  knowledge,  Without  regard 
to  the  source  from  whence  it  proceeds. 

Not  but  there  are  some  rocks  even  among  ourselves  which 
remind  us  of  the  trachytes  of  Hungary,  although  not  abso-r 
Jutely  referable  to  the  same  class.  The  clay  porphyry  a^SQr 
piated  with  red  sandstone  in  the  Isle  of  Arran,  ^^d  that  of 
Sandy  Brae  in  the  county  of  Antrim,  present  at  least  nu- 
merous analogies,  and  the  latter  rock  not  only  passes  into 
pitchstone,  sometimes  resembling  the  pearlstone  of  Hun- 
gary, but  also  contains  nests  and  veins  of  wax  opal. 

The  two  formations  are  indeed  distinguished  by  the  con^ 
stant  absence  of  scorified  matter  from  the  porphyries  of 
Ireland  and  of  Arran,  and  its  occasional  presence  in  those 
of  Hungary,  but  this  difference  will  I  hope  be  satisfactorily 
explained  by  considering  the  several  ages  of  the  two  rocks, 
and  the  manner  in  which  th^  agency  of  heat  has  been  modi-r 
lied  by  this  circumstance.  The  porphyry  of  Arran  is  indeed 
intei*stratified  with  red  sandstone,  and  that  of  Sa^dy  Braej 
though  an  overlying  mass,  is  probably  referable  to  the  same 
^ra  as  the  basalt  of  the  Giant's  Causeway,  which  seedns  to 
be  about  the  date  of  the  chalk ;  whereas  the  trachyte  of 
Hungary,  though  it  is  covered  by  plastic  clay,  seems  fitHn 
its  containing  shells  belonging  to  the  Paris  basin,  not  tQ  be 
older  than  the  tertiary  formation. 

Though  therefore  all  -these  rocks  may  have  been  produced 
under  water,  yet  we  may  readily  suppose  the  pressure  ex* 
erted  by  the  ocean  to  have  been  greater  in  the  one  case  than 
\i\  the  other,  and  may  thus  explain  the  absence  of  scof ifie^ 
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matter  without  supposing  the  Arran.  and  Irish  porphyries  to 
have  been  produced  by  a  cause  essentially  different. 

Now  the  igneous  theory,  as  applied  to  the  trachytes  of 
Hungary,  has  appeared  to  me,  since  the  publication  of  M. 
Beudant's  work,  to  be  placed  on  so  solid  a  basis,  that  I 
should  have  considered  it  unnecessary  to  undertime  a  jour* 
ney  into  that  remote  country,  if  1  had  had  no  further  object 
than  that  of  satisfying  myself  with  respect  to  its  nature. 

There  is  however  yet  another  question  relative  to  thia 
eubject  which  still  divides  the  scientific  world,  namely, 
whether  the  resemblance  between  the  trachytic  formation 
and  any  of  the  rocks  on  which  it  reposes,  be  so  intimate,  as 
to  oblige  us  to  adopt  the  same  opinion  with  respect  to  the 
origin  of  the  latter,  which  we  entertain  as  to  that  of  the  former. 

The  trachyte  of  Hungary,  like  that  of  the  Rhine  and  of 
Mexico,  reposes  on  a  class  of  rocks  which  appear  to  belong 
to  the  transition  series,  and  which  indeed  cannot  without 
violence  be  attributed  to  a  more  modem  epoch,  as  they 
sometimes  support  a  rock  which  seems  to  correspond  with 
the  old  red  standstone,  and  in  other  places  certain  lime- 
stones at  least  as  old  as  the  earlier  members  of  the  secondary 
class. 

Among  the  rocks  thus  circumstanced,  the  most  prevailing 
is  a  greenstone  porphyry  consisting  essentially  of  compact  fel- 
spar and  hornblende,  which  alternates  with  syenite,mica  slate, 
and  even  with  granite.  It  is  therefore  evidently  a  matter  of 
considerable  interest  to  determine  wheilier  a  substance 
so  related  exhibits  any  close  analogies  to  trachyte,  since 
whatever  conclusions  we  arrive  at  with  respect  to  its  origin, 
must  be  extended  to  that  of  all  the  other  rocks  associatefl 
with  it. 

My  attention  therefore  wliilst  in  Hungary  was  particularly 
directed  to  this  circumstance,  and  I  must  admit  that  there 
is  an  occasional  resemblance  between  the  oldei-  and  new^r 
porphyry  ;  but  when  viewed  upon  the  great  scale,  the  cha- 
racters of  the  two  formations  seem  to  nic  sufficiently  distinct. 
It  is  indeed  true  that  where  tlic  trachyte  rests  upon  the 
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0tder  poi^thj-ry,  ibe  two  rocks  appear  to  pnas  one  into  tbe 
other,  uud  the  latter  to  a  considerable  distance  is  found  to 
contain  crystals  of  glassy  felspar-;  but  even  those  who  con- 
tend for  the  igneous  origin  of  the  greenstone  poiphyry,  wiD 
probably  consent  to  attrtbnte  'this  to  the  change  produced 
by  the  contact  of 'the  melted  tradiyte,  for  it  is  evident  that 
there  can  be  no  real  transition  between  rocks  of  such  dif- 
ferent ages. 

1  am  therefoi^e  ready  to  give  the  Plutonists  all  the  advan- 
tage Whieh  'their  argument  can  derive  from  the  analogies 
tiiat  subsist  beween  the  two  formations ;  but  I  do  not  coiv- 
sider  that  ai^ument  to  be  stronger  in  the  present  case  from 
»he  circumstance  of  the  rocks  being  thus  associated,  than  it 
would  be  if  they  occurred  in  two  different  localities,  siim 
there  is  in  fact  just  as  great  a  separation  between  them,  from 
the  long  interval  of  time  that  divided  the  formation  oflhe 
Iransition  from  that  of  the  tertiary  class  of  rocks,  as  there 
■would  be  if  they  existed  in  two  different  quarters  of  the 
world. 

■  1  shall  therefore  content  myself  with  observing,  that  the 
resemblance  which  the  greenstone  porphyry  bears  to  the 
trachyte  may  be  accounted  for,  by  supposing  the  latter  rock 
Ha  have  been  produced  by  the  action  of  heat  from  the 
tnaterials  of  the  former,  and  that,  although  the  older  poi> 
■phyry  may  possibly  have  been  affected  by  fire,  the  evidence 
in  favour  of  such  an  hypothesis  does  not  seem  stronger  « 
tipplied  to  this  rock,  than  it  is  with  Teference  to  the  otfaft': 
primitive  formations. 

The  trachytic  formation  is  sometimes  accompanied  Kf 
■detached  cones  of  basalt,  as  at  the  Calvarienburg,  i 
Schemnltz ;  but  the  principal  masses  of  that  rock  lie  at  a 
considerable  distance  near  the  lake  of  Balaton,  where  rfiey 
occur  in  the  midst  of  a  sandy  plain,  either  in  detached  cona 
■or  elevated  tabular  masses. 

Not  having  visited  that  part  of  Hungary,  1  am  unable  to 
state  whether  they  arc  posterior  to  the  formation  of  the  val* 
lies,  but  the  quantity  of  highly  porous  aud  scorifbrm  sub* 
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8tanGe%  inth  which  they  are  taid  to  be  accotnpamed,  s^eimb 
lo  indieBate  Ihdir  recent  ori^n.  It  is  certain  at  least  from 
Beiadant's  acMUnt^  that  they  ^#ere  not  aht^or  tb  the  Usb- 
tiaty  class  of  ybdksj  tot  ihey  al!«  seen  in  several  plaees  refttinj^ 
on  the  mokuMe* 


wi^ 


Volcanic  Rocks  of  Trans j/hania. 

•      •■■■        ___ 

In  Transylvania,*  volcanic  rock^  of  undoubted  tertiaiy 
ori^n;  occur  in  the  eastern  part  of  the  country  alone. 

The  above  formation  constitutes  a  range  of  hills  covered 
with  thick  wood,  which  se^afat^s  from  Transylvania  the 
Szeckler  land,  or  the  valley  in  Whith  the  Hungarian  tribe 
of  that  name  reside^ 

The  chain  itself  extends  from  the  high  hills  of  Kelemany^ 
north  of  Remebyel,  to  the  hill  of  Budoshegy^  about  tfen  or 
twelve  miles  north  of  Vascharhely*  The  wild  tract  included 
within  this  mountainous  range  is  so  broad,  that  it  nequiihra 
a  day's  journey  to  cross  it  in  a  carriage;  at  its  northern 
extremity,  however,  it  gets  gradually  narrower.  Itis  limits 
are,  to  the  east  the  river  Marosch  from  Toplitza  upwards^ 
the  Aluta  from  Varosch  to  Tuschnad  and  Kasson ;  to  the 

*  T  im.  indebted  for  the  #bole  of  this  account  of  Transylvania  to  my  friend 
Dr^  Boii^9  tbe  author  t)f  a  Geognoffti^al  Esstiy  on  Scotland,  afid  of  'severtil 
inteNHfting  papeM  on  the  Geology  of  France  and  Qermany^  Itt  ^ltte=  is  Ida^ 
hancsed  Irom  the  circnmfetanoe  that  no  individnal,  to  far  as  I  am  'aware»  has 
comm^inicated  to  the  public  any  description  of  this  remote  country,  since  the 
branch  of  natural  history' which  relates  to  the  physical  structure  of  the  earth 
faaa  began  to  assume  its  preseilt  form.  It  is  to  be  regretted  that  Dr.  Boud  did 
not  <xHnplete  his  undertaking,  which  comprehended  the  whole  of  the  Banioat, 
and  the  provinces  of  the  Austrian  empire,  as  far  as  Trieste,  but  a  severe  illness^ 
occasioned  by  the  villainy  of  a  servant,  twho  attempted  to  poison  hiro,  in  order 
tne  more  readily  to  make  off  with  his  money  and  property,  brought  his  re- 
•cardies  to  an  abrupt  terminatioD.  Before  however  this  event  occurred, 
he  had  examined  a  great  part  of  the -southern  and  eastern  portion  of  Hungary, 
including  the  trachytic  formation  of  Transylvania,  of  which  he  has  sent  me 
IKe 'subjoined  account. 
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west,  a  line  passing  through  Kusson,  Tulle,  Udyarliely, 
Purayd,  Libonfalva,  and  Fata.  It  is  for  tlie  most  part  com- 
posed of  various  kinds  of  tracliytic  conglomerate ;  of  which 
the  best  sections  aie  presented  along  the  course  of  the 
Marosch,  for  elsewhere  a  most  impracticable  forest  of  pine 
and  oaks  covers  it  nearly  throughout.  From  the  midst  of 
these  vast  tufaceous  deposits,  the  tops  of  the  hills  composed 
of  tmchyte,  a  rock  which  forms  all  the  loftiest  eminences, 
here  and  there  emerge.  Of  these  the  most  elevated  is  called 
Kelemany ;  the  other  principal  ones  are  Fatatschion,  Pritzi- 
lasso,  Hargala,  Barot,  the  hills  south  of  Tuschnad,  &c.  Sc. 
The  trachjte  is  ordinarily  reddish,  greyish,  or  blackish  ;  it 
mostly  contains  mica.  In  the  southern  parts,  as  near 
Tschik  Sereda,  the  trachyte  incloses  large  masses,  some- 
times forming  even  small  hillocks,  of  that  variety  of  which 
millstones  are  made,  havii^  quartr.  crystals  dlssemioaled 
through  it,  and  in  general  indurated  by  siliceous  matter  in 
so  fine  a  state  of  division  that  the  parts  are  nearly  invi»ble. 
The  latter  substance  seems  to  be  the  result  of  a  kind  of  aub^ 
limation,  which  took  place  at  the  moment  of  the  formalioa 
of  the  trachyte. 

Basalts  were  no  where  observed,  although  black  trscliyta 
abounds.  Distinct  craters  are  only  seen  at  the  sontheni. 
extremity  of  the  chain.  One  of  the  Hnest  observed  by  Dr.. 
Bond  was  to  the  south  of  Tuachnnd ;  it  was  of  great  sis^ 
and  well  char.icltrized,  surrounded  by  pretty  steep  and  lofty, 
hills  composed  of  trachyte.  The  bottom  of  the  hollow 
full  of  water.  The  ground  near  has  a  very  strong  sulphu- 
reous odour.  A  mile  in  a  S.  S.  E.  direction  from  this  point, 
there  are  on  the  table  land  two  large  and  distinct  "  maara, 
Lke  those  of  the  Eyfel,  that  is  to  say,  old  craters,  whicll, 
have  been  lakes,  and  are  now  covered  with  a  thick  coat  of 
tnarsh  plants ;  the  cattle  dare  not  graze  upon  them  tot  fe^ 
of  sinking  in. 

Some  mUes  farther  iq  die  same  direction  is  the  i 
knowii  hill  of  Budoshegy  (or  bill  of  bad  smell),  a 
chylic   mountain,   near  the  summit   of  which  is  a  distintif 
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rent,  from  which  exhale  very  hot  sulphureous  vapours. 
The  he^l  of  the  ground  ia  such  as  to  bum  the  shoes'.  A 
deposition  of  sulphur  has  taken  place  there,  and  the  rock  is 
converted  into  alum-stone  by  the  action  of  the  vapors  upon 
the  constituents  of  the  trachyte.  In  this  manner  hollows 
are  formed  in  the  rock.  At  the  base  of  the  hill  are  some 
very  fine  ferruginous  sulphur  springs,  much  resorted  to  for 
various  diseases  by  the  inhabitants,  who  encamp  near  them 
in  the  open  air  during  summer.  Chalybeate  sulphur  springs 
generally  abound  at  the  base  of  this  volcanic  range,  and 
chalybeates  with  carbonic  acid  still  more.  Some  of  these 
appeared  as  good  as.  those  of  Pymiont,  and  the  most  fa- 
mous, that  of  Borsah,  a  bathing  place  much  resorted  to  by 
the  Transylvanian  nobles,  contains  more  carbonic  acid  than 
Pyrmont  water  itself, 

The  craters  last  described  have  thrown  out  a  vast  quan- 
tity of  pumice,  which  now  forms  a  deposit  of  greater  or  less 
thickness  along  the  Aluta  and  the  Maroscli  from  Tuschnad 
lo  Toplitza.  Impressions  of  plants  and  some  siliceous  wood 
are  likewise  lo  be  found  in  it,  as  is  the  case  in  Hungary. 
These  fragments  of  pumice  have  been  deposited  under  water. 
Some,  says  Dr.  Bou^,  might  be  disposed  to  set  down  a  more 
considerable  portion  of  Transylvania  as  trachy  tic,  than  I  have 
done,  but  I  have  satisfied  myself  that  many  rocks  which  may 
appear  to  be  tracliyte  are  nothing  but  some  of  the  newer 
transition  or  coal-sandstone  porphyries,  which  are  here  and 
there  more  scorified  than  elsewhere,  or  of  which  the  scorified 
portions  have  stood  the  action  of  the  weather  better  than  the 
rest.  This  oiay  he  the  case  with  the  most  recent  porphyries 
of  the  two  great  deposits  of  that  formation,  the  one  of  Mar- 
morosch,  the  other  in  the  Gespannschaft  (comitat)  of  Hun- 
yad,  and  the  Stuhl  of  Muhlenbach.  On  tbcse  I  shall  dwell 
at  full  length  in  my  general  account  of  Transylvania. 

To  this  account  of  the  volcanic  rocks  of  Transylvania,  I 
have  only  to  add  that  a  basaltic  cone  is  mentioned  by  Beudant 
aa  occurring  in  Schlavonia  near  Peterwaradiu,  uuJ  that  I 
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have  myself  seen  specimens  from  that  province,  'aTlA  proi 
bably  from  the  same  locality,  in  the  possession  of  Professor 
Schuster  at  Bndu,  which  from  their  scoriform  aspect  1 
should  judge  to  be  of  modern  formation. 

Dr.  Bou^  also  informs  me,  that  between  Obor-Pullendorf 
and  Stoop,  near  Giins  in  Hungary,  south  ofthelakeofNeu- 
sledel,  is  a  Qat  conical  hill  about  100  feet  in  height,  half  4 
league  in  its  greatest  diameter,  and  a  quarter  of  a  league  in 
its  smallest,  which  rises  from  the  midst  of  the  upper  tertiary 
deposits,  or  amongst  the  marly  beds  lying  above  the  bluq 
shelly  marl  common  to  Austria  and  the  Apennines.  The 
rock  itself  is  composed  of  a  blackish  or  greyish  felspattiic 
basalt,  which  is  sometimes  compact,  and  contains  oval 
nodules,  partly  of  mamillary  or  botryoidal  iron  ore,  and 
partly  of  arragonite  ;  sometimes  very  porous,  and  with  the 
cavities  either  entirely  empty,  are  coated  with  globules  of 
sphcero-siderite. 

The  direction  of  the  cells  is  from  east-north-east  to  west* 
south-west,  and  the  same  is  the  direction  of  the  rarige  itselfi 
It  is  decidedly  a  tertiary  basaltic  cone,  having  its  base  only 
covered  by  recent  marls. 

On  the  Volcanic  Rocks  of  Sti/ria. 

On  my  way  from  Vienna  to  Italy  I  deviated  a  little  frpm 
the  direct  road,  in  order  to  look  at  some  rocks  of  a  volcanic 
nature  that  occur  near  Friedau  in  Styria,  a  little  to  the 
south-east  of  Grabz,  of  which  the  only  account  which  lias 
been  published,  is  one  by  Von  Buch,  in  the  Transactions 
of  the  Academy  of  Berlin.* 

The  formation  in  question  may  be  briefly  stated,  as  con- 
sisting of  a  central  nucleus  of  trachyte,  which  consitutes  itie 
lofty  conical  hill  called  the  Gleichenburg,  round  which  on 
all  sides  are  mantle-shaped  strata  of  volcanic  tuff,  alter- 
nating with  beds  belonging  apparently  to  the  tertiary  class. 
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This  tuff  consists  in  general  of  »  congeiiesiofy^  miiiul^' 
fragments- of  Tokamc  maiter,  whick  ^oera  ta  have  h9%n  im^- 
mediately  ejected  iirom  the  'volcaao,  mixed  up  audi  loooelyt 
a^glutiBated  with  small  quairtzy  pebbles.  In  the  midst  of 
it  ai'e  fragments  of  cellukur  and  compact  basakic  laTa^  some*  - 
times  eontuning  tiesis  of  oliTine.  Masses  of  the  saH»e  sub*  - 
stance  of  a  globular  form,  not  imbedded  in  a^y  matrix,  are- 
fonnd  also  distributed  amongst  the  tuff.  ^)eoimens  of* 
ai^i;ke,  and  of  a  substance  looking  like  altered  granite,  like- ^ 
WHie  occur.  The  tuff  becoming  more  and  more  mixed  with'' 
particles  of  day  and  sand,  passes  at  length  into  a  loamy - 
earth,  at  first  dark,  and  afterwards,  wh^e  it  is  unmixed* 
with  volcanic  matter,  o£  an  ash-grey  colouPt  The  consti* 
toents  are  in  a  state  of  very  fine  divison,  and  a  number  of 
minute  specks  of  silvery  mica  impart  a  sparkling^  lustre  t^^ 
the  general  mass. 

Besides  this,  which  looks  like  a  bed  of  silt  deposited  trEui- 
quilly  at  the  bottom,  of  a  lake,  we  find,^  at  a  somewhat 
greater  distance  from  the  central  trachyte,  strata  of  lime- 
stone, full  of  shells,  belongi^ng  to  the  recent  order  of  depo- 
sits, and  especially  abounding  in  that  minute  f<^»sii,  the  mi- 
liolite,  which  imparts  to  the  stone  an  ooIU!q  appearance. 
At  a  village  called  Khelig,  a  little  to  the  south  of  the  former 
locality,  I  observed  that  the  tuff,  which  here  contained  de^ 
cided  scoriae,  was  superimposed  on  a  rock  which  no  wise 
differed  from  ordinary  basalt,  but  in  the  existence  of  minute 
internal  pores.  It  formed  a  number  of  concentric  lamellar 
concretions,  of  which  the  external  have  become  decompo^d,^ 
whilst  the  internal  retain  their  solidity.  The  exterior  sur- 
face of  the  balls  is  coated  with  asphaltum.  The  whole 
rests  upon  a  bed  of  marl  without  any  traces  of  volcanic 
matter. 

Two  hypotheses  present  themselves  with  respect  to  the 
age  of  the  trachyte  of  the  Gleichenburg ;  for  it  may  either 
be  said,  that  having  been  first  thrown  up  by  volcanic  action, 
the  beds  of  tuff  and  of  marl  collected  by  degrees  around  its 
base  ;  or  that  after  the  latter  had  been  formed  in  a  position 
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i^roacliing  to  the  borizontaljtlieroGkoftheGleicIienbuig, 
being  forced  up  through  the  midBt  of  them,  imparted  tbe 
iocliiiatioa  which  they  are  now  seen  to  possess. 
'  For  my  own  part  I  am  most  disposed  to  adopt  llie 
latter  opinion,  on  the  same  ground  on  which  I  assented  to 
M.  Bertrand  Roux's  ideas  with  respect  to  the  rock  of  the 
Mount  Mezen ;  for  it  seems  probable  that  if  the  trachyu 
had,been  formed  in  the  first  instance,  fragments  of  it  ought 
to  appear  intermixed  with  the  oliier  materiab  of  the  tu^ 
which  I  did  not  discover  to  be  the  case.  The  inclination 
likewise  possessed  by  the  strata  of  tuff  seems  to  me  too 
consider^le  to  be  consistent  with  the  former  hypotheaisi 
but  accords  Teiy  well  with  the  latter. 

The  following  sketch  may  give  an  idea  of  the  di^xwitioa 
of  the  central  trachyte. 


Where  a.  &  b.  are  alternating  beds  of  tuff  and  loam  or 
Sand,    C  is  the  trachyte,    and  D  a  valley  of  c 
separating  the  two  rocks. 
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a  entering  Italy  by  the  side  of  Venice,  we  have  not  far 
to  go  before  we  meet  with  a  very  extensive  ajid  intei-esting 
volcanic  district. 

To  the  30uth  of  Padua  lie  the  Euganeaii  hills,  an  iso- 
lated tract  of  liigh  ground  in  the  midst  of  a  level  country, 
consisting  of  a  trachytic  formation,  not  unlike  that  of  Hun- 
gary, which,  from  its  cellular  structure  in  some  cases,  and 
its  semi-vitreous  aspect  in  others,  would  at  once  be  taken 
for  a  volcanic  product.  Like  the  formation  too  of  the 
latter  country,  it  consists  of  several  kinds  of  rock,  which 
however  are  so  allied,  and  so  connected  by  mutual  passages, 
as  to  shew  that  they  have  been  all  derived  from  a  modifica- 
tion of  the  same  process. 

The  most  characteristic  variety  is  a  rock  of  an  ash-grey 
colour  and  uneven  fracture,  very  like  the  porphyry  of  Mont 
Dor,  or  the  first  species  of  Beudant'a  trachyte  formation^ 
(Monselice),  It  contains  numerous  crystals  of  glassy  fel- 
spar, Boraetimes  decomposed,  sometimes  fi-esh,  and  occasio- 
nal specks  of  black  mica,  which  is  also  accumulated  in  nests, 
the  several  parts  of  which  have  a  slaty  structure,  like  that  of 
mica  slate.  Crystals  of  augite  are  also  found  under  the 
same  circumstances.  Associated  with  this  is  a  rock  posses- 
sing a  splintery  fracture,  waxy  lustre,  and  vitreous  appear' 
ance,  which  may  be  called  an  hoi-nstone  porphyry.  Some 
varieties  are  cellular,  and  contain  infiltrations  of  quartz  and 
chalcedony,  like  the  millstone  trachyte  of  Hungary.  Others 
approach  very  nearly  to  the  characters  of  pearlstone,  pre- 
senting, together  with  the  vitreous  aspect  of  that  substance, 
an  approach  to  a  similar  concentric  arrajigemenL  (Monte 
Siave),  In  these  cases  the  crystals  of  glassy  felspar,  which 
distinguish  true  trachyte,  are  either  absent,  or  very  rai'ely 

This  formation  is  associated  at  Monte  Venda  with  basalt, 
the  relation  of  which  to  the  trachyte  is  as  obscure  as  in  the 
parallel  case  of  the  Siebengebirge.     It  is  also  surrounded. 
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at  Castelletto,  by  strata  of  tuff,  and  of  pumiceous  conglo- 
merate, in  a.  manner  analogous  to  what  I  have  described 
as  taking  place  near  the  Gleiclienburg  in  Slyria,  but  dis- 
posed more  verlicuUy. 

In  some  pans  a  conglomerate  or  breccia  occurs,  (Monte 
Nuovo)  which  aeema  to  be  principally  made  up  of  tha 
homstone  above  described,  intennixed  with  a  white  pow- 
dery siliceous  substance,  which  611s  up  the  interstices.  Thft 
whole  of  this  mass  might  be  imagined,  as  well  from  iti 
yilreous  appearance,  as  from  the  intimate  union  of  its 
1  parts,  to  have  been  consolidated  by  fusion,  or  at  least  bjl' 
'  liie  action  of  heat. 

The  trachyte  of  the  Euganean  hills  rests  upon  a  calciw 
L  Tftous  rock,  which  appears  to  correspond  with  the  chalk  of 
1  Great  Britain.  It  is  called  Scaglia,  from  its  slaty  atructiire; 
l}eing  disposed  in  thin  horizontal  layers.  Its  colour  ie  com* 
I  monly  white,  now  and  then  with  a  shade  of  red,  and  ita 
,  compactness  usually  is  quite  equal  to  that  of  our  hardeql 
'   chalk,  though  softer  varieties  are  sometimes  met  with. 

The  points  however  chiefly  to  be  insisted  on,  as  establisHJ 

ing  the  identity  of  the    two  formations,   are,   the  kidney' 

L  shaped  masses   of  flint    disposed  in  beds  throughout  tb0 

I  Scaglia,  as  in  the  chalk  of  England,  and  the  nature  of  tliQ. 

[  petrifactions  that  occur  in  it,  which,  from  the  list  given  irf 

f  the  Abbe  Maraschini's  late  work,*  appear  to  consist  of  am' 

monites,  terebratuUtes,    and  various  species  of  the  echinui 

bmily ;  viz.  the  echinoneiis,  galerites,  ananchytes,  spatangu% 

i^aris,  nucleolites,  and  echinus /jroper,  of  Lamarck.  ' 

By  comparing  this  list  with   the   one   given  in  Messtl 

Conybeare  and  Phillips'  Geology  of  England  and  Wales, 

I  p.  73,  it  will  be  seen,  that  the  analogy  between  the  two  fot* 

mations  is  in  this  respect  considerable. 

,  I  know  not  whether  the  rcilness  and  brittleness  of  thftt- 

flinU  in  a  part  of  the  rock  which  lies  near  the  trachyte,  no* 
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far  from  the  village  of  Baltaglia,  is  to  be  explained  in  the 
same  manner  in  which  Messrs.  Buckland  and  Conybeare 
have  accounted  for  a  similar  change  in  some  of  those  near 
the  Giant^s  Causeway,  namely,  by  the  influence  of  the  melted 
matter  upon  them ;  but  it  is  at  least  certain,  that  this  vol« 
eanic  rock  has  sometimes  produced,  upon  the  surface  of  €he 
subjacent  bed,  alterations,  which  afford  additional  evidence 
of  its  igneous  origin. 

•  ISius  at  the  village  of  Schevanoya  on  the  southern  slope 
of  the  Euganean  hills,  the  trachyte  is  incumbent  on  an  ar^l^ 
laceous  variety  (as  I  presume)  of  the  scaglil^  which  is  natu- 
rally so  incoherent  as  to  be  softened  by  every  shower  of  rain. 
As  we  trace  it  upwards  however,  we  find  it  gradually  "be- 
cpming  more  and  more  compact,  until  at  last,  where  it 
touches  the  incumbent  trachyte,  it  becomes  perfectly  hard 
and  splintery  in  its  fracture. 

Other  indications  of  volcanic  action  may  perhaps  be  gat 
thered  from  the  springs  of  hot  water  impregnated  with  sulf^ 
phuretted  hydrogen,  which  gush  out  from  the  rock  near 
the  village  of  Battaglia,*  and  are  still  in  repute,  as  they  were 
in  the  time  of  the  Romans,  for  their  medicinal  qualities. 
.  Perhaps  the  fable  of  Phaeton,f  who  was  said  to  have  fal- 
len from  heaven^  or  to  have  been  struck  by  lightning  on  thf 

^  It  was  the  Fons  Aponf  mentioned  by  Lucan,  Lib.  7. 

Euganeo,  si  vera  fides  memorantibus,  Augur 
CoUe  sedens,  jiponut  terris  ttbifitmifer  exit 
'  Venitsumma  dies^  ge'ritur  res  maxima,  dixit; 

Impia  concurrunt  Pompeii  et  Cssaris  arma* 
tClandian  also  celebrates  it. 

f  Tsetzes,  in  his  Schol.  on  Lycoph,  says,  that  some  supposed  the  Lak« 

Avemus  to  ^st  among  the  Euganean  Hills,  and  the  circumstances  that  gave 

rise  to  the  fable  of  Phaeton,  to  have  happened  there.    Martial  too  has  these 

lines :   .       ,      . 

^mula  Baianis  Altini  littora  yiUis* 

Et  Pha^thontei  conscia  sylvji  jrogi; 

Quseque  Antenorio,  Dryadum  pulcherrima,  Fauno 

Nupsit,  ad  Euganeos  sola  puella  lacusl 

h2 
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borders  of  the  Po,  may  refer  to  some  tradition  that  existed 
of  volcanic  phenomena,  which  may  have  continued  here^a» 
they  now  do  in  Transylvania,  long  after  the  fonnaticmof 
the  trachyte. 

The  neighbouring  country  to  the  north  of  Vicenza  is  ii^ 
teresting  to  the  volcanist,  as  enabling  him  to  trace  the  differ^ 
ences  that  exist  between  the  ignigenous  rocks  of  the  verjf 
same  country,  according  to  their  relative  degrees  of  juiti* 
quity. 

It  appears  that  all  the  formations  of  that  country  ftem  iba 
talc  slate^  which  is  the  fundamental  rock,  up  to  the  scaglia,^ 
which  is  an  equivalent  of  our  chalk,  are  accomponied  hf 
trap  rocks,  both  in  beds  and  in  dykes,  having  an  unifbrmly 
compact  structure,  or  cells  completely  filled  with  crystallioe 
matter ;  whereas  the  tertiary  beds  that  lie  above  them  «D 
alternate  with  a  tuff,  consisting  of  materials,  the  volcanic  nsf 
lure  of  which  is  more  plainly  attested  by  the  scoriform  and 
vitreous  aspect  which  so  often  belongs  to  them.  It  is  im- 
possible to  imagine  any  combination  of  phenomena  more  ill 
accordance  with  the  idea,  that  the  compactness  of  lavas  id 
regulated  caet.  par.  by  the  pressure  which  they  have  under* 
gone,  and  that  the  absence  of  vacuities  in  the  case  of  aQ 
those  formed  during  the  deposition  of  the  older  rocks,  aiO80 
from  the  mass  of  water  superimposed ;  since  it  is  seen  that 

*  The  Abbe  Maraschini  was  good  enough  to  shew  me  a  hil]«  near  RecuuOi 
north  of  Schio,  where  according  to  him  the  greater  part  of  the  formationi  met 
with  in  that  neighbourhood  are  seen  united.  In  his  Memoir  entitled  ^  Obter- 
vationi  sopra  alcuni  Locality  del  Vicentino,"  which  was  publiahed  ia  Ai 
Biblioteca  Italiana,  and  in  his  late  work  referred  to  above,  a  full  enonierMioa 
of  the  series  is  given;  1  shall  therefore  content  myself  with  stating,  fhM  on 
this  hill  are  seen,  resting  on  the  talc  slate,  which  appears  to  be  Che  fbtidft- 
metttal  rock  of  the  country,  Ist,  a  red  sandstone,  2d,  an  augite  rock  (dolerite), 
3d,  another  red  sandstone  with  seams  of  slate  coal,  and  above,  three  altaiM- 
tionsof  sandstone  and  limestone,  which  the  Abbe  is  inclined  to  refer,  1  knov 
not  how  correctly,  to  distinct  formations  analogous  to  those  in  Englaiid  uA 
Germany. 
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the  products  of  volcanos  in  action  subsequently  to  the  date 
of  the  chalk,  at  a  time  when  we  have  reason  to  believe  the 
ocean  to  have  sunk  to  a  lower  level  than  it  had  then  stood 
at,  approximate  in  their  characters  more  nearly  to  the  igni- 
genous  formations  of  the  present  day.*  It  has  even  been 
remarked,  that  a  difference  appears  to  subsist  between  the 
volcanic  rocks  in  the  Vicentin  of  anterior  date  to  the  scaglia, 
corresponding  to  their  respective  ages:t  the  dykes  which 
penetrate  the  older  formations  producing  a  greater  hardening, 
and  in  general  a  more  marked  alteration  in  the  part  conti'^ 
guous  to  it,  than  those  which  traverse  the  more  modem.  I 
do  not  however  believe  that  this  remark  can  be  generalized, 
for  the  effects  of  dykes  on  the  adjoining  surfaces  of  the  rocks 
they  traverse,  are  no  where  more  marked  than  at  the  Giant's 
Causeway,  where  they  are  at  least  as  modern  as  the  chalk. 

I  shall  therefore  omit  all  mention  of  the  older  formations 
of  the  same  description  found  in  this  country,  and  content 
myself  with  comparing  together  the  trap  rocks  associated 
with  the  scaglia,  and  the  volcanic  tuff  which  accompanies 
the  tertiary  beds  that  rest  upon  it. 

Near  Schio,  north  of  Vicenza,  the  scaglia  occupies  the 
lowest  part  of  the  valley  of  Cengiette,  and  rises  to  a  con- 
siderable distance  on  the  hills  of  either  side.  At  the  hill  of 
Belmonte,  a  rivulet  exposes  five  stratiform  masses  of  basalt, 
often  changed  by  decomposition  into  wacke,  which  I  am 
disposed  to  consider,  with  my  friend  Dr.  Bone,  as  dykes 
parallel  to  the  stratification  of  the  chalk.  Dykes  of  basalt 
are  also  frequently  seen  traversing  this  formation,  at  Chiampo, 
Valdagno,  and  Magre,  but  without  altering  tlie  adjacent 
rock ;  the  external  position  of  the  dyke  is  frequently  so  much 
decomposed  as  to  be  converted  into  a  sort  of  clay. 

Above  this  is  a  thick  and  extensive  formation  of  green* 
«tone  porphyry,  or  porphyritic  augite  rock,  which  the  Abb£ 

*  8ee  Maraschini  in  the  work  above  quoted^  p,  130» 
.  f  M^rjis^hiuif 
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Maraschini  sets  down  as  corresponding  with  the  trachyte  of 
the  Euganean  Hillsa  It  lies  in  a  sort  of  basin,  fiUin^  up  idl 
the  pre-existing  hollows  between  the  older  rocks.  Thus  in 
some  places  it  rests  immediately  on  chalk,  and  in  others  on 
rocks  of  an  older  date. 

This  porphyry  has  generally  a  claystone  base  with  ctj* 
stals  of  augite  disseminated.  It  is  of  various  shades  of 
brown,  with  reddish  or  greyish  spots,  sometimes  more  jor 
less  vitreous  in  its  fracture,  passing  even  into  pitchstoiK 
or  obsidian  porphyry.  It  is  generally  very  tough,  but  where 
it  has  undergone  decomposition,  has  passed  into  the  state 
of  kaolin. 

.  The  most  remarkable  circumstance  attending  it  19  its 
containing  veins  of  metallic  matter,  for  it  is  not  usual  to 
find  the  latter  accompanying  rocks  of  a  volcanic  nature,  or 
of  a  date  so  recent  as  that  which  must  be  assigned  to  a 
formation  covering  the  scaglia.  Near  Schio,  whc^re  its 
superposition  is  distinctly  seen,  the  porphyry  is  penetrated 
by  veins  of  blende,  galena,  arsenical  pyrites,  sulphate, 
carbonate,  molybdate,  and  (according  to  Professor  CatuUo) 
chromate  of  lead,  accompanied  with  quartz  crystals,  cal- 
careous spar,  sulphate  of  baryte,  and  manganesian  epidote.^ 
The  upper  part  of  this  formation  becomes  amygdaloid^) 
containing  cells  which  are  for  the  most  part  filled  v^ith  cpt 
careous  spar,  chalcedony,  and  various  species  of  zeoUces. 
The  preceding  rocks  are  covered  with  numerous  altematioSB 
of  calcareous  with  brecciated  or  tufaceous  deposits. 

The  former  are  marked  as  tertiaiy  by  the  occurrence  rf 
nummulites  and  other  shells  enumerated  by  Brongniart  it 
his  Memoir  on  the  Vicentin  ;t  the  latter  are  made  up  of 
firagments  not  only  of  basalt,  but  also  of  volcanic  sand  and 
£Coriform  lava,  thus  indicating  the  commencement  of  a  new 
prder  of  volcanic  products.   The  tuff  is  often  as  full  chai^ged 

♦  Marascliini,  p.  133,  ct  seq. 

I  Brongniart  sur  Ics  Terrains  calcareo-trappicns  du  Vicentin.  Paris.  \%t3» 
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with  shells  as  the  limestone  rock  itselfy  abounding  in  nutn- 
mulites^  &c.  &c.,  it  also  contldns  large  masses  of  brown 
coal,  and  even  of  silicified  wood.  In  the  midst  of  th^ 
calcareous  beds  above  mentioned  dre  soitae  of  a  bituminous 
slaty  marl  containing  impressions  of  fish;  they  occur  at 
Monte  Bolca;  at  Monte  Novale  near  Valdagno;  and  at 
Monte  de  Salzedo. 

At  Monte  Bolca,  the  only  locality  which  I  visited,  the 
Ichthyolite  limestone,  as  it  may  be  called,  rests  upon  a  cal- 
careous rock  with  nummulites,'  and  is  covered  by  the  same; 
whilst  a  deposit  consisting  of  volcahic'  tuff  lies  both  undac* 
and  above.  The  alternations  indeed  between  these  tw6 
classes  of  deposits  are  often  extremely  numerous ;  at  a  place 
called  Ronca  alone  we  have  in  a  very  short  compass  no  less 
than  six,  but  the  lowest  volcanic  bed  is  not  tufaceOus,  but 
consists  of  cellular  basalt.  The  occurrence  of  this  sub* 
stance,  sometimes  cellular,  sometimes  atnygdaloidal,  and 
sometimes  even  compact,  interstratified  with  the  other 
rocks,  renders  the  structure  of  Vicentin  less  simple  than  it 
would  otherwise  be  considered,  and  inclines  one  to  think 
diat  stre»[nB  of  lava  were  thrown  out  during  the  formation 
of  the  tufaceous  and  calcareous  beds.  That  the  whole 
indeed  of  the  basaltic,  as  well  as  the  materials  of  the  tufa- 
ceous rocks  are  referable' to  igneous  action,  I  cannot  bring 
myself  for  a  moment  to  doubt,  although  aware  that  Brocchi, 
the  first  of  Italian  Geologists,  has  in  his  Memoir  on  the  Val 
de  Fassa  expressed  himself  with  some  degree  of  hesitation 
on  the  subject.* 

Admitting  even  that  there  are  whole  beds  of  tuff  which 
exhibit  no  traces  of  igneous  action,  yet  these  are  so  asso* 
ciated  with  others  containing  volcanic  products  of  the  most 
unequivocal  kind,  that  I  know  not  how  we  are  to  separate 
the  one  from  the  other. 

•  This  Memoir  was  published  several  years  ago,  so  that  it  may  not  re- 
present his  present  opinions. 
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•  Even  the  compact  basalt  passeb,  at  Monte  Grlo990  volt 
Bassano,  into  a  vitreous  rock,  which  approximates  U>  iAm» 
dian ;  nay  we  discover  in  the  tuff  itself  at  Chiampo',  \atfg^ 
detached  masses  of  cellular  lava,  the  cavities  of  which  Inner 
often  that  glazed  surface  which  so  strongly  indicates  fbshm. 

At  the  same  time  the  presence  of  shells  in  the  tuff  tt9e^- 
and  its  alternation  with  regular  beds  of  unaltered  shellf 
limestone,  prove  that  the  sandy  matter  and  loose  fragme&ts 
of  which  this  aggregate  is  composed,  were  originally  de* 
posited  under  the  surface  of  water,  at  the  period  dnriing* 
which  the  calcareous  beds  were  in  the  act  of  forming.  TbW 
the  accumulation  of  the  materials  of  which  the  tuff  coli' 
sists  was  a  slow  and  gradual  process,  I  infer,  among  otliA' 
reasons,  from  a  specimen  in  my  possession,  in  which  a 
rounded  fragment  taken  from  one  of  these  beds,  is  Metf 
covered  by  serpulse,  a  plain  proof  that  the  stone  remnined 
for  some  time  under  yrater,  uncovered  by  any  of  the  matter 
which  afterwards  formed  above  it. 

The  occurrence  therefore  of  beds  of  volcanic  tuff  aheiv 
nating  with  strata  of  shelly  limestone  seems  in  this  instatice 
capable  of  explanation,  by  supposing  showers  of  ashes  and 
lapilli  to  have  proceeded  from  some  adjacent  volcano,  which, 
as  they  sunk  to  the  bottom  of  the  water  then  covering  the 
face  of  the  country,  would  become  intermixed  with  the  fh^- 
ments  washed  down  from  the  adjoining  rocks,  and  be  con- 
solidated like  mud  in  a  stagnant  pool,  acquiring  additional 
consistency  in  proportion  to  the  mass  of  matter  super^ 
imposed. 

That  the  volcanic  action  indeed  was  going  on  in  this 
very  spot,  is  proved  by  the  hills  of  cellular  lava,  or  of  basalt, 
that  occur  in  the  midst  of  this  formation,  and  the  effects  of 
these  operations  upon  the  tuff  itself  may  be  traced  in  the 
inclined  position  of  its  beds,  so  different  from  what  would 
occur  in  a  mass  of  matter  deposited  tranquilly  under  the 
surface  of  water. 
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Therfllrficture  of  a  hilt  called  Montecchia  Maggiore  near 
Vicen2a  illustrafes  thi^,  as  well  as  some  other  points  in* 
which  I  have  been  insisting.  The  rock  is  here  composed  of 
tuff  having  Segments  of  amygdaloid  disseminated  through 
a  paste  compo^  <^  wacke.  It  is  remarkable  that  this  paste^ 
eontakis  ho-  crystalline  matter,  though  the  imbedded  por«> 
tions  haye  their  cells  filled  with  calcareous  spar,  sulphate  of 
strontian,  nciesotype,  and  other  minerals.*  On  the  other 
hand  it  often  encloses  shells,  which  have  never  yet  been 
detected  in  the  fragments.  We  may  therefore  fairly  con- 
clude that  these  two  sorts  of  rock  were  originally  distinct  f 
the  amygdaloid  having  been  produced  by  some  volcano* 
antecedent  to  that  which  gave  rise  to  the  wacke.  The  amyg<* 
daloid  after  being  thus  formed  into  a  coherent  stratum  by  the 
volcano  at  one  period,  may  have  been  broken  into  fragments* 
and  ejected  by  it  at  another,  like  the  loose  materials  found 
so  frequently  round  the  craters  of  all  active  volcanos;  and  if 
a  shower  of  ashes  occurred  at  the  same  time,  and  had  be- 
come intermixed  with  the  fragments,  whilst  they  lay  under 
the  sur&ce  of  water,  the  whole  might  have  been  consoli* 
dated  into  a  conglomerate,  possessing .  the  appearances  of 
the  rock  at  Montecchio. 

.  *  Among  the  Monte  Bericl  near  Montecchio  Maggiore,  a^^  well  as  in  the 
neighbourhood  of  Bassano,  are  found  in  the  cavities  of  a  cellular  volcanic 
rock  those  curious  geodes  containing  water,  which  have  received  the  name  of 
enhydnus  agates.  They  appear  to  have  been  known  and  prized  by  the- 
ftocients.  Pliny^  Lib.  37.  I.  73,  defines  it  '^  enhydros  semper  rotunditatis. 
absolutee,  in  candore  est  Isevis,  sed  ad  motum  fluctuat  intus  in  e&,  veluti  in  ovis,, 
Uquor."  Propertius  seems  to  refer  to  it  under  the  name  of  "  crystallus 
aquosa,*'  ''  crystaUusque  suas  ornet  aquosa  manvsf^  and  Claudian  has  cele- 
brated the  gem  in  several  epigrams,  for  it  seems  probable  that  he  refers  tOi 
^is  stone,  and  not  to  rock  crystals  containing  water,  as  in  £p»  IS,  13,  ba 
represents  it  as  globular,  and  in  Ep.  10,  as  convex. 

Clauditur  immunis  convexo  tegmine  rivus, 
Duratisque  vagus  fons  operitur  aquis. 
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•  The  materials  howeTer  \rfuch  compose  this  tu£^  fltftier 
b^ng  thus  made  to  coalesce,  would  seem  to  hflBtve  beeir 
brought  into  ci  more  intimatse  ynionby  some  subaequMt 
process,  and  the  entire  mass  must  be  supposed  to  have  beto 
heayed  up,  and  thrown  upon  its  edges,  inasmuch  as  the 
next  bed  of  limestone  rather  abuts  against  than'  rest 
upon  it. 

The  aboye  imperfect  description  may  perhaps  senre  ta 
conyey  a  general  notion  of  the  geological  features  displtiytd 
in  this  volcanic  district ;  for  a  more  detailed  account  I  muA 
refer  you  to  the  works  of  Fortis,  Marzari,  and  eiqpecidlf 
the  later  production  of  the  Abbe  Maraschini,  which  I  haiie 
i^ready  so  frequently  noticed.  All  these  writers  concur  in 
attributing  to  the  volcanic  formation  of  the  Vicentin,  b 
tertiary  origin,  and  with  this  the  general  absence  of  craten, 
as  weir  as  the  mixed  character  of  the  products,  completely 
accord. 

.  There  appears  indeed  to  be  only  one  spot  in  which  any 
vestiges  of  a  crater  are  to  be  met  with,  and  that  on  the 
summit  of  a  hill  called  Montebello,  on  the  road  between 
Vicenza  and  Verona. 

But  in  this  case  the  character  of  the  rocks  that  compose 
the  mountain,  so  far  from  being  basaltic,  is  in  all  respects 
analogous  to  that  of  recent  lavas,  so  that  the  distinction 
between  these,  and  the  other  volcanic  products  in  the 
neighbourhood  is  calculated  to  confirm  our  belief  in  the 
non-existence  of  craters  elsewhere.  Proofs  of  volcanic  ac- 
tion are  not  by  any  means  confined  to  the  immediate  neigh- 
bourhood of  Vicenza,  they  extend  to  Verona,  Brescia,  and 
perhaps  to  the  Lake  Lugano,*  between  which  and  the  Lago 
Maggiore,  near  Grantola,  is  a  spot,  the  igneous  origip  of 

♦  See  in  Biblioteca  Italiana,  Vol.  5,  a  Memoir  by  Pallini,  on  the  Lake  de 
Garda,  from  which  it  appears  that  this  piece  of  water  gives  out  sulphuretted 
hydrogen  gas. 
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wlipiih.  baa  b^en  much  contested** .  I^astly,  on  the  west  of 
the.tLi^  MaggMNre^.  near  Ae  town  of  Intra,  Mount- Sim- 
inplo  19  cdmpo^d  of  a  trap  rock,  which  may  perhaps  be  con« 
nected  with  the  pr^eding'Vdlcanic  formation.   '^  ' 

a 
•  •         *  '  *      '  "  '  • 

The  state  of  the .  weather,  at  the  time  I  was  in  this 
country,  prevented  me  from  yisiting  these  latter  spots,  as 
well  as  from  examining  a  still  more  interesting  chain  of 
tolcanic  hilb  which  I  passed  over  on  my  road  from  Sienha 
tp  Rome.  The  most  elevated  spots  of  this  district,  such  ais 
the  Monte  Cimini  near  Viterbo,  and  the  Monte  Amiata 
near  Radicofahi,  are  said  by  Brocchi  t  to  consist  of  the  tock 
called  by  him  necrolite,  which  seems  to  correspond  with  the 
trachyte  of  other  geologists.  It  is  associated  with  basalt,  as 
at  Viterbo,  J  where  it  is  columnar,  and  rests  on  a  bed  of 
pumice  and  tuff,  containing  the  bones  of  quadrupeds,  the 
whole  more  modern  than  the  trachyte.  In  the  valley  of 
Trepenzio,  not  far  from  the  above  locality,  the  prisms  are 
quadrangular,  and  the  rock  is  covered  by  tuff.  Hence  there 
would  seem  to  be  alternations  between  the  two. 

The  slopes  of  the  central  trachytic  mass  are  likewise 
covered  by  strata  of  marl  containing  shells  referable  to  the 
tertiary  class,  and  by  beds  of  cellular  and  scoriform  lava 
containing  augite  and  leucite.  This  latter  mineral,  which 
has  been  before  noticed  as  occurring  at  the  Lac  of  Laach 
in  Germany,  is  however  nowhere  so  common  as  amongst  the 
lavas  in  this  part  of  Italy,  although  it  is  found  likewise,  as 
will  afterwards  appear,  at  Vesuvius.  What  the  circum- 
stances are  which  contribute  to  its  formation,  has  not  been 

•  See  Beudant*8  Hungary,  Vol.  8.  p.  588,  and  Vol.  3.  p.  541^  where  the 
aqueous  origin  of  the  pitchstone  ieind  claystone  porphyry  of  Grantola  is 
asterted.  It  appears,  that  Mona.  Fleurian  de  Belle vue  in  France,  andPini  in 
Italy,  (Memor.  sur  alcuni  fossili  della  Lombard.  1790,)  have  supported  the 
contrary  theory. 

f  See  his  Catalogo  ragionato  de  Rocce,  1817. 

X  See  a  Memoir  by  Brocchi  in  the  3rd  Volume  of  the  Biblioteca  Italiana. 


Volcanic  Rods  of  Central  Italy, 

MONTE    CIUJNI,    ^C. 


altogether  ascertained,  though  it  is  Von  Buch's  opinion,* 
that  a  certain  degree  of  repose  in  the  mass  during  the 
period  of  its  cooling  is  required.  Thus  the  streams  of  lava 
that  flowed  from  Vesuvius  in  1767  and  1777,  which  contain 
leucite,  having  been  received  in  a  nearly  level  plain  between 
the  cone  from  which  they  issued,  and  the  Monte  Somma, 
moved  onwards  but  slowly ;  whilst  those  of  1760  and  1794, 
which  are  destitute  of  this  mineral,  flowed  with  great  im- 
petuosity down  the  slope  of  the  mountain,  until  they  reached 
the  sea.  It  might  be  shewn  that  the  volcanic  products 
around  Viterbo,  where  leucite  so  abounds,  were  probably 
inthe  former  predicament ;  this  however  would  be  anticipa> 
ting  the  subject  of  a  future  lecture. 

But  whatever  may  be  the  conditions  upon  which  the  pro- 
duction of  leucite  depends,  it  has  been  shewn  1  think  by 
Von  Buch,  that  in  lis  origin  it  is  contemporaneous  with  the 
lava  itself,  and  that  it  neither  has  pre-existed  in  the  mate- 
rials, nor  been  formed  like  some  other  crystals  by  subse- 
quent inhltration. 

The  rocks  at  Civita  Castelletto  and  Borghetto  contain  a 
number  of  oval  cavities,  all  of  them  elongated  in  the  same 
direction,  as  must  always  happen  in  a  substance  which  dis- 
engages elastic  fluids,  whilst  its  parts  are  in  progressive 
motion. 

Now  the  leucite  crystals,  when  they  intervene  between 
the  caviues,  retain  their  usual  octohedral  figure,  but  where 
they  make  a  part  of  the  walls  of  the  cells,  are  found  to  be 
elongated  in  the  same  direction  as  the  latter.  This  latter 
fact  it  is  diificult  to  explain,  except  on  the  supposition  that 
they  were  formed  at  the  very  time  the  lava  was  undergoing 
consolidation,  for  granting  that  they  had  existed  previoUBly, 
it  must  at  least  be  admitted  that  they  were  elongated  by  the 


•  See  Von  Buck's  Memoir  in 
t'ssed  however  Ui&t  hii  remark  bi 
ot  every  oilier  Viud  oftryBtBl. 


n.dePhys.  Vol. 


).    Il  iniiat  beooii' 
>pecl  to  UiL-  formatioQ 
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heat  applied,  and  in  ihat  case  their  crystalline  form  wonid 
have  been  obliterated. 

Near  Viterbo  is  a  small  lake,  which  emits  a  sulphureous 
odour,  and  seems  from  the  rise  of  bubbles  through  it  to  be 
in  a  state  of  continual  agitation,  and  a  Hltle  farther  on  the 
rjad  to  Rome,  is  the  Lake  of  Vico,  formerly  the  LacuS 
Cimini,  which  has  all  the  appearance  of  a  crater,  and  ac- 
cording to  some  of  the  antient  writers  was  caused  by  a 
sudden  sinking  of  the  earth,*  in  further  proof  of  which,  they 
say  that  the  ruins  of  a  town  that  formerly  existed  on  this 
site  might  be  seen  at  the  bottom  of  the  lake,  when  the  water 
■was  clear.  At  all  events  the  whole  physical  structure  of  the 
country  favours  the  idea  of  a  volcanic  origin. 

The  Lake  of  Bolseno,  between  Viterbo  and  Sienna,  pos- 
sesses the  shape  of  an  ancient  crater,  and  its  being  bounded 
by  volcanic  rocks  is  consistent  with  auch  an  hypothesis ;  but 
we  must  hesitate  in  admitting  it  to  be  so  formed  without  more 
conclusive  evidence  than  we  possess,  considering  that  it  is 
more  than  twenty  miles  in  circumference. 

On  its  borders  was  situated  the  antient  Volsinium,  one  of 
the  principal  towns  ofEtruria;  and  the  analogy  of  themodem 
name  with  the  word  Vulcan,  especially  according  to  the 
old  8pelling,+  may  lead  us  to  imagine  that  it  derived  its 
name  from  the  homage  paid  to  that  God,  originating  in  the 
volcanic  phfenomena,  which  excited  the  fears  of  the  earlier 
inhabitants.     It  is  curious  that  the  Volsci,  as  well  as  the 

•  See  Amm.  Marcell.  L.  IT,  c.  7.  Serviu^ 
7lh  bfwkoriha^neitl,  in  which  this  Lake  : 
monle  laoum,  lueoBque  Capenoi,")  alluciea  ti 


n  his  note  on  the  line  in  the 
mentioned,  ('<  Et  Cimioi  cum 
a  fable  grounded  upon  ihis  (ra- 


+  The  old  siielllnp  of  Ihc  »ord  Vulcatius  Beeroa  lo  have  I 
least  Ihere  ia  in  the  Vatican,  a  Ron.an  altar  dug  up  at  Ontia,  with  an  inncrip- 
lion,  BOLCANO.  SAC.  ARA.  and  at  Tivoli.ina  wall  of  anantient  bnilding, 
BOLCANO  AEDES.  REF.  COCRAV.  C.  CAEWO  L.  F.  and  ihete  are 
many  more  that  tun  in  the  same  way.  (See  Sickler.  Ideen  zn  cinem  vuk. 
Kr<l.g1obiis.  Wi-imnr.   181S.) 


^aH  Vokunic  Rocks  of  Central  Itab^. 

riTERBO. 


Volsinii,  inhabited  a  volcanic  country;*  and  it  is  knowii 
that  particular  homage  was  paid  to  Vulcan  all  over  Laf* 
tium.t 

Vokinium  therefore  may  have  been  originally  written 
volcanium,:}:  or  rather  bolcanium^  as  the  V  and  B  are  easily 
conveftible,  and  we  may  recognize  the  original  q>elUngia 
some  measure  restored  in  the  modem  name  Bolseno.  So^ 
a  vi^w  however  would  imply  that  volcanic  appearancesrl^ai!i^ 
existed  in  the  country  at  no  very  remote  sera,  and  asthia  ji» 
a  question  of  some  importance,  it  would  be  well  if  soiBe 
geologist,  who  visits  that  part  of  Italy,^  would-  ascertain 
whether  such  be  the  case.  Pliny  mentions  that  VolRiiMegi 
was  burnt  down  by  lightning,  a  statement  which  mif^ 
possibly  have  arisen  from  its  having  been  overwhelmed  by 
some  neighbouring  volcano ;  but  of  course  until  it  is  iuUy 
proved  that  there  Was  one  in  action  since  the  foundatiM 
of  Rome,  we  can  have  no  excuse  for  adopting  such'  tt 
opinion.  II 

Some  appearances  of  the  same  description  seem  likevris^ 
to  be  displayed  even  at  the  present  time  among  the  L^agiiiies 
of  Tuscany,  from  which  sulphureous  vapours,  chiefly  ccm- 
sisting  of  sulphuretted  hydrogen,  often  arise,  and  produce 
those  effects  upon  the  surrounding  rocks,  which  I  shall  mote 

I 

.  *  The  Volsci  inhabited  a  country  between  Albano  and  Terraciiw>  wfaicfi 
will  be  shewn  afterwards  to  be  volcanic.  .  ,    ' 

*  •  •  •  .    ■ « 

f  See  my  account  of  the  neighbourhood  of  Rome. 

X  Sickler  suggests  that  volcanusor  bolcanus  may  have  beaa  derived- from 
the  Greek  words  Qttikas  gleba,  and  icouu  uro — perhaps  ^oLiitu  hisco,  might  be 
the  more  probable  derivation.  My  learned  friend-  Dr.  Pritchard,  the  author 
of  a  work  on  the  Egyptian  Mythology,  has  howevet  suggested  to  me-a  CMe 
Etymology,  which  he  thinks  more  probable,  as  many  Oscan  words  aie  derived 
from  that  language. 

"  The  Welsh  word  Bwlchan  or  Vulchai,  he  says,  signifies  a  braak  in  a 
mountain,  and  probably  a  crater,  from  the  adjective  Bwlch,  broken.  B  » 
mutable  into  y,  and  from  Bwlchau  would  be  formed  a  Latin  word  VukSy 
whence  Vulcanus.'* 

I  livy  mentions,  that  the  Lake  was  tinged  with  blood— meaning  probably 
bitAimen.     Lib.  27. 
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particularly  notice  when  speaking  of  the  solfatara  of  Naples. 
But  besides  the  sulphur  and  the  sulphuric  salts  that  efilo- 
resce  round  these  lagunes,  a  substance  is  collected  that  has 
been  found  only  in  one  other  spot  of  Europe ;  I  mean  the 
boracic  acid,  which  is  sublimed  alike  from  the  lagunes  of 
Tuscany,  and  from  the  crater  of  the  Island  of  Volcano, 
attended  too  by  similar  sulphureous  exhalations,  and  there- 
fore probably  connected  as  to  its  origin  in  both  these  lo- 
caUties. 

The  lagunes  in  question  are  represented  as  being  little 
cratershaped  cavities  formed  on  the  surface  of  the  ground, 
by  the  continual  escape  of  sulphuretted  hydrogen  gas  from 
fissures  in  the  rock.  These  cavities,  according  to  Prysta- 
nowski,*  (a  German,  who  has  published  the  most  modem 
account  of  this  phffinomenon)  are  at  the  bottom  of  a  valley, 
and  are  therefore  often  filled  with  water,  either  by  the  rain, 
or  by  the  overflowings  of  an  adjoining  brook. 

This  water  is  raised  to  a  boiling  temperature  by  the 
passage  of  the  heated  gas  through  it,  and  hence  it  is  that  the 
lagunes  generally  emit  a  lofty  column  of  steam,  which  first 
arrests  the  traveller's  attention,  and  has  consequently  led  to 
the  adoption  of  the  name  Fumacchie,  by  which  the  lagunes 
are  often  designated.  The  sulphuretted  hydrogen  carries 
lip  with  it  in  a  gaseous  state  some  boracic  acid,  but  this  is 
condensed  by  the  water,  and  is  found  amongst  the  mud, 
when  the  pool  has  dried  up  in  consequence  of  the  evapo- 
ration from  it  exceeding  the  supply  from  without. 

The  lagunes  are  situated  a  few  miles  to  the  S.  W.  of 
Volterra,  near  Monte  RoCundo,  and  near  Monte  Cerboli, 
the  rock  from  whence  the  vapour  issues  is  calcareous,  and  is 
considered  by  Bronguiartt  as  subordinate  to  the  diuUage 
or  gabbro  rock  of  the  Appennines,  This  is  worth  remark- 
ing, as  it  serves  to  distinguish  the  above  phscnomenon  from 
a  similar  one  which  occurs  among  the  tertiary  rocks  of 
iiber  den  unprang  det  VulkaiiB  in  lulien.  Berlin,  1832. 
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Sicily,  and  of.  the  Modenese,  known  under  tlie  name  o^ 
ialiei  or  air  volcanos.*  As  I  did  not  visit  the  latter  loculity^ 
I  shall  defer  my  account  of  this  phenomenon  until  1  speakg 
of  the  rocks  of  Sicily,  referring  you  at  present,  to  Mona^ 
Menard  de  Groye's  "  Mciiioire  sur  les  feus  de  Barigaszo,"t1 
for  an  account  of  the  phtenomenon,  and  to  Brocchi's  Conchy 
Subapp4  for  tlie  bi^gt  description  of  the  rock,  in  which  a% 
I  conceive,  it  will  be  found  to  occur.  ") 

The  same  cause,  which  I  have  assigned  to  account  for  iny 
overlooking  the  volcanic  rocks  of  Tuscany,  circumscribed 
considerably  my  excursions  amongst  those  near  Rom^ 
where  indeed  tlie  traveller,  siirrouniled  as  he  is  by  antiquities 
of  such  extreme  classical  interest,  can  hardly  help  beintf 
frequently  culled  away  from  subjects  of  scientific  inquiry. 
It  has  been  said,  that  what  Vesuvius  is  to  Naples,  the 
Coliseum  and  St.  Peter's  are  to  Rome,  and  as  the  scholar" 
almost  necessarily  imbibes  somewhat  of  the  spirit  of  a 
naturalist  during  his  stay  in  the  former  city,  from  his  atlen-j^ 
don  being  so  frequently  directed  to  the  movements  of  the! 
Tolcano,  BO  it  is  equally  to  be  supposed  that  the  study  ot 
nature  will  give  place  to  that  of  art,  whilst  we  are  intlut 
midst  of  the  monuments  of  Roman  taste  and  magnificence.  ^ 

X  saw  enough  however  of  the  physical  stvuclure  of  ths 
neighbourhood,  to  be  persuaded,   that  thi'  interpretation 
which  Breislac  I  has  put  upon  some  well-known  fables  r 
traditions  handed  down  to  us  by  anttent  writers,  in  proof  > 
his  idea  that  antienl  Rome  occupied  the  site  of  a  volcano^ 


bapp.  V. 


liiiikH  that  il 


•  Brocdii  however  in  hia  t^mch, 
netei  among  teniBry  rocks. 

+  Jourii.  di  Physique,     Vol.85. 

X  I  Bllude  to  ItIh  description  of  the  marl  of  Italy,  Vol.  1,  p.  68,  to  which 
■hall  h»ve  occuion  to  refer  in  speaking  of  a  Biniiltr  fomialion  that  occurs  i 
SM,. 

y   BreiBlac,  in  proof  of  hia  opinion  as  to  the  existence  of  voleanoi 
of  RonM,  nppeats  to  the  wonhip  eipeciallf  paid  to  Vulcao,  whose  tempi 
■cmriJIiii;  l<i  Hlutarcli  and  Dionjsim  oEHalicarnasaus,  overlooked  tlie  Fori 
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i^.  altogether  untenable,  and  that  his  assertion,  as  to  the 
Cajptol  of  the  eternal  city   ^^  Capitoli  immobile  saxum" 

Tins  ipot,  he  suppoies  to  hftye  been  affected  by  the  same  agent  even  subse- 
^Uy  to  the  frandation  of  the  city,  ibr  the  chaem  in  the  midst  of  the  Foniin, 
teirhich  Mareiu  Curtins  precipitated  himself,  was  |irobably  oansedf  if  we 
beline  our  aathor,  by  volcanic  action. 

The.principal  crater  he  supposes  to  have  existed  in  the  circular  space  be- 
tween the  two  summits  of  the  Aventine,  where  the  church  of  St.  Balbina  now 
stands,  and  the  ftible  of  Cacus,  whose  cave  stood  on  this  hill,  furnishes  him 
vMia  ooiillnnatkm  of  this  opinion. 

The  description  given  by  Virgil  of  this  mountain,  applies  very  well  to  the 
pictue  of  the  phsBnomena  of  .a  volcano. 

Huio  monstro  Vulcanos  erat  pater.    IlUusatroa 
On  vonena  ignesy  BMgni  se  mole  ferebat. 


Fancibns  ingentem  fomum,  mirabile  dictu, 
Evomit,  involvitque  domum  caligine  cncft, 
Prospeotum  eripiens  oculis  ;  glomeratque  sub  antro 
Fumiferam  noctem,  commixtisigne  tenebris. 

Aad  hia  aoeount  of  the  Cave  oorretponds  equally  with  the  idea  of  a  Grater. 

'At  t|yeciit  et  Caci  deteeta  appamit  ingens    ■ 
.  fiegiB,  et  funbroni  penitaa  patute  cavernss. 
Non  secus  ao  si  qu4  penitus  vi  terra  dehisceps 
Infinmas  reseret  sedes,  et  regna  recludat 
Pallida,  dfis  invfsa,  superque  immane  barathrum 
Cematur,  trepidentqiie  immisso'  lemine  Manes. 

Viigil  also  mentions  a  tradition  respecting  the  Capitoline   Hill,  which 

'B'^slac  converts  Into  an  allegorical  representation  of  volcanic  phenomena. 
'J     "■■■>/■  ■ 

'     '  Hiric  ad  Tarpeiam  sedem  et  Capitolia  duoit, 

Aurea  nunc,  olim  silvestribus  horrida  dumis. 

Jam  turn  redigio  pavidos  terrebat  agrestes 

Dira  loci ;  jam  turn  silvam  saxumque  tremebant. 

Hoc  nemus,  hunc,  inquit  frondoso  vertice  collem, 

Quis  deus,  incertum  est,  habitat  deus ;  Arcades  ipsum 

Credunt  se  vidisse  Jovem,  quum  sspe  nigrantem 

.Agida  concuteret  dextrft,  nimboaque  cieret. 

^  II  ^'pity  that  so  many  ingenious  analogies  should  be  thrown  away,  but 
T^^Oitenceof  a  volcano  on  the  spots  alluded  to  is  quite  irreconcilable  with 
^ir  known  physical  structure. 

I 
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having  been  erected  on  the  tottering  edge  of  a  crater,  hoW" 
ever  well  suited  it  may  be  to  point  an  antithesis,  or  Co  fflitt- 
trate  the  vanity  of  human  pretensions,  rests  on  too  slender 
grounds  to  deserve  a  place  in  a  scientific  treatise. . 

The  soil  of  Rome,  as  on  eminent  Itatian  gsplogiitf  .1ms 
since  fully  proved,  is  in  reality  composed  of  an  altenntion  of 
sandy  or  calcaieotts  beds,  with  a  tuff  containing  fragments  of 
scoriform  as  well  as  compact  lava,  often  rolled^  and  acofpoih 
panied  likewise  with  pebbles  of  the  Aj^penaine  laoiaBtflpe, 
that  display  evident  marks  of  attrition.  There  is  hofnewr 
no  proof  that  these  fragments  of  lava  were  ejected  by  uy 
volcano  which  occupied  the  immediate  site  of  Rome,  on  ihe 
contrary  the  nearest  spot  from  which  we  can  suppose  them 
to  be  derived,  is  the  Lake  of^Albano,  more  tkan  twelve  miks 
distant. 

There  are  indeed  some  passages  iti  antient  writers^  which 
might  lead  us  to  suppose  a  volcano  to  have  existed  aoiong 
these  mountains,  even*  at  a  period  within  the  linaila  efau- 
thentic  history;  fbrLivy  notices  a  shower  of  atones  which 
continued  for  two  entire  days  from  Mount  Alband,  daring  the 
second  Punic  war,f  and  Julius  Obsequens  in  Ids  work  de 
Prodigiis  remarks,  that  in  the  year  640  ab  V^  C.  the  hill 
appeared  to  be  on  fire  duriiig  the  Bight.:}: 

There  are  likewise  several  other  traditions  pr^ieryed  bj 
classical  writers,  which  speak  to  the  same  point,  one  of  them 
relating  to  a  king  of  Alba,  Aremulus  Sylvius,  who,  accoidr 
ing  to  some  accounts,  was  precipitated,,  together  with  his 
palace,  into  the  Alban  Lsdce,  by  an  eerthquiske,  and  accord- 
ing to  others  carried  into  it  by  a  whitlwind,  after  being 
struck  dead.by  a  (hunderbplt.|| 

♦  BrQcchi  Suolo  di  Roma,  1880. 

+  Albano  monte  biduajn  CQntinenter  .ap:clibns  pluit.  Lib,  26.  cap.  7, 

^  Mons  Albar^us  npcte  ardere  visus  •    Julius  p^s.  c,  119* 

II  Aurelius  Victor  de  origine  Gentis  Romause.  .    .  , 
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•  Thet^  accQunis  indeed,  if  npt  confirmed  by  pthf  v  testi- 
mongryiBighl  be  r^ecled  as  faJ^ulous,  but  they  -may^perhapB 
su^ce  to  eot^blish  the  comparatiyely  modem  di|te  at  wbicb 
th^  YckanieiiGlioQ  Qonlimied,  when,  viewed,  in  connexion 
withtim  phyiicid' structure  of  the  lake  itself,  wUqh,  ffooi 
its^^  ciffcttbr  £nrm^  the  nbsenoe  of  any  natural*  outlet  for  ks 
^aiersy  and  the  Tolcanic  materials  surrounding  it,  mighl  at 
onm  bet  itslcen  for  the  crater  of  a  volcano. 

It  appears  indeed  to  have  given  off  a  current  of  lava, 
isRown  ns(  that  of  the  Capo  di  Bov^  which  may  be  &aced  to 
within  two  miles  of  Rome,  terminating  on  the  Appian  Yoad, 
near  iha  liiaiisoleum  of  Cecilia  Metella*. 

Thta  Coulee  is  usually  compact,  though  small  cells  and 
cavities  aie  here  and  there  scattered  over  it,  especially  near 
its  surface.  It  is  very  hard  and  sonorous,  and  appears  te 
CHmsist  of  an  intimate  mixture  of  augite  and  teuoite,  either 
in  crystals  or  granular  m'assies,  the  former  of  a  bottbrgreen 
tciauit  passer^  into  brown^  the  latter  white  or  aanire. 

Bettdes  the  above)  the  rock  of  the  Capodi  Bove  contains 
sevfimloth^.minerlJs,  which  may  be  re^garded  in  the  light 
of  aecideiital  ingredients. 

.Amongst  these  are,  according  to  Brocchi,+-*^lst,  Black 
dodecaedral  crystals  with rhomboidal  planes^: which  consist 
of  melilite  or  pseudo-nepheiine. . : 

2.  Fine  thread-like  crystals,  <tf  a  white  colour,  which  melt 
IMons  the;  blowpipe  into  a  vitreous  or  opaque  globule, 
nnitting  a>  phosphoric  light.  They  are  called  by  Hauy 
•paeudof^nepbeliiie. 

*  I  say  fuiftiraJ,  because  it  is  well  known  that  an  artificial  canal  does  exist 
penetrating  the  side  of  the  internal  cavity,  and  thereby  preventing  the  waters 
from  rising  beyond  a  certain  point.  It  was  ^ut,  according  to  Livy,  (Lib.  5. 
c.  15.)  by  the  Romans,  during  the  siege  of  Veii,  in  compliance  with  the  in- 
junctions of  an  oracle,  which  assured  them  that  the  city  would  never  be  taken 
until  the  Lake  had  its  water  drawn  off. 

f  Biblioteca  Italiana,  vol«  7. 

i2 
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8,  Other  needle-shaped  crystals  of  a  brown  coflfee  eotonff 
or  of  a  lively  red.  Exposed  to  the  air  they  Ibse  theirnatifftil 
colour,  and  become,  first  yellow,  and  afterwards  "^^tiel 
Before  the  blowpipe  they  melt  into  a  blackish  globidel 
These  crystals  appear  to  be  the  same  with  some  flnttid  by 
Birdislac^  in  the  crater  of  the  Solfatara  near  Napl^  whilli 
have  been  named  in  honour  of  him.  Calcat^W^  UpM  li 
likewise  found,  as  well  as  the  neW  substance,  c&Ued'  afantM 
by  Gismondi,  and  distinguished  by  its  octaednd  ciyirttili- 
zation,  by  not  ei&rvescing  with  acids,  and  fusing  'withimt 
ebullition  in  the  flame  of  a  candle.  *  t'-rhwr 

The  breadth  of  this  current  near  its  termination  at:itfae 
tomb  of  Cecilia  Metella,  is  sixty  feet ;  it  rests  on  rB|)Hli'imd 
tuff,  and  may  be  traced  along  the  plain  nearly  up  to  ithi 
hills  about  Albano.  ..'*':  *•.  rs/ 

The  whole  of  the  country  for  several  miles  oE-AHiaaM) 
abounds  in  volcanic  appearances.  Amongst  the  niountaim 
in  this  group  are  no  less  than  four  lakes,  .which;  i^^rirt 
originally  to  have  been  craters,  the  one  already  mentidilikd, 
that  of  Nemi,  Joturna,  and  Vail.  Aricia.+  With  respeetid 
the  latter  place,  Pliny  mentions  a  report  that  the  gfOmlA 
would  set  fire  to  charcoal,^  and  Livy  notices  a  showerxtf 
stones  that  fell  there,  as  well  as  the  bursting  out  of  a  wkm 
spring,  having  its  water  mixed  with  blood,  which  Heyii6 
supposestohavebeenbitamen.il  -   .' 

Yet  the  differences  of  mineralogical  chafkcter  betwwn 
the  volcanic  rocks  of  these  mountains,  and  those  fouiidt'ltt 
Rome  itself,  oblige  us  to  abandon  the  idea  that  the  kUttr 
can  have  been  derived  from  the  same  quarter.     The  hills  in 

ff 
■ 

*  Breislac  Campanie.  Tom.  2.  p.  132. 

f  It  has  likewise  been  said  that  the  Lake  Fucino,  in  the  Abrosiiy  u  a  vol- 
canic crater,  but  this  has  been  shewn  by  Brocchi  not  to  be  the  case. 
t  Plin.  Hist.  Nat.  Lib.  2.  c.  HI. 
II  Heyne  Opusc.  Acad.  vol.  2.  p.  263. 
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the  immediate  ?icinity  of  Rome,  consist  of  that  aggregate  of 
vol^:ani£  materials  which  all  are  agreed  to  designate  as  tuff, 
whiibM.  the  neighbourhood  of  Albano  is  constituted  of  a 
imfgrial  which  the  Italian  geologists  have  chosen  to  mark 
m  jdr  separate  rock  under  the  name  of  Peperino.*  It  is  easy, 
says  Von  Buch,+  to  distinguish  these  two  substances ;  in 
Pep^rino  nearly  the  whole  mass  is  fresh,  undecomposed,  and 
bright  to  the  eye,  whereas  in  tuff  the  greater  part  is  dull, 
and  appears  weathered.  The  former  re^mbles  a  porphyry, 
the-latter  a  sandstone  and  other  similar  aggregates.  The 
substance,  of  which  Peperino  consists^  preserves  almost 
uniformly  anashrgrey  i^olour,  but  the  tuff  of  Rome  is 
geimially  darken  With  respept  to  its  fracture  too,  Peperino 
is  less  friable  than  tu£^  and  the  mica,  whvch  is  distributed 
over  it  either  in  detached  plates,  or  collected  into  mass^, 
some^mes  as  large  as  a  cannon-ball,  mi^ied  with  crystals  of 
augite  aod  magnetic  ^jronston^,  preserves  its  original  black 
cqIqut  and  lustre,  which  in  the  tuff  is  not  the  case. 

A.still  more  marked  differeuce  perhaps  between  the  two 
formations,  is  Ae  entire  absence  of  pumice  from  the  neigh* 
bourbood  of  Albano^  whereas  it  is  very  frequent  ii>  tbe  tuff 
about  Rome. 

.  This  latler  tl^yerefore  seems  with  more  probability  referable 
to  th^  chain  of  volcanic  mountains  north  of  Rome,  known 
by  the  name  of  the  Mount  Cimini,  since  we  find  on  the 
alppe  of  these  hills  similarly  constituted  beds,  to  which 
indeed,  apcording  to  Brocchi,  the  tuff  pf  Rome  may  be  traced 
without  interruption. 

The  characters  of  this  rock  in  both  localities  porrespond 
with  those  of  the  tuff  of  Auvergne  and  pf  the  Vicentin, 
rolled  masses  and  freshwater  shells  are  occasionally  found 
in  it,  so  that  though  the  materials  pf  which  the  aggregate  is 
composed  are  chiefly  volcanic,  the  rock  itself  betrays  marks 

*  See  Brocchi  Catalogo  Ragionato.  passim. 

-i  Reiifi  dutch  Deuiscbland  und  Italien.  Berlin,  1809.  vol.  2.  p,  70» 
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of  a  mechanical  origin.  Like  the  tuffi  before  noticed^  it' 
contains  mica,  augite,  and  felspar,  but  is  distinguish^  firotti 
them  by  the  presence  of  leacite,  which  rarely  howeferpirt* 
serves  its  lustre  and  crystallization,  but  is  generally  more  or 
less  decomposed,  and  of  a  mealy  consistence,  like  the  puaaict 
in  the  trass  of  the  Rhine. 

Brocchi*  distinguishes  two  principal  varieties  of  tlustui^ 
lithoide  found  at  the  Capitoline  and  the  E^uiline  bflft^' 
and  granular  met  with  on  the  Pincian  and  Quirinal.      -  ' 

Lithoide  tuff  is  generally  of  a  reddish  brown  coloctf  j  iMA 
specks  of  a  darker  or  orange  tint  derived  from  fragmelifci  of 
scoriform  lava,  approaching  in  texture  to  pumice.     Its-firao- 
ture  is  earthy  in  the  small,  conchoidal  in  the  great,  and  its 
hardness  sufficient  for  a  building  stone,  for  which  purpose  it 
was  employed  by  the  antient  Romans.    Ghranular  tufl^  on 
the  contrary,  is  generally  of  a  blackish-brown,  dariL  viiA% 
or  rtissetty  yellow  colour.    It  is  light,  friable,  and  compdeeo^ 
of  largish  grains,  weakly  cohering,  having  white  spec^  id 
mealy  leucite  disseminated  over  the  mass,  together  with 
fragments  of  augite,  scales  of  mica,   and  rolled  pebbleU  of 
grey  or  black  lava.     It  is  in  short  nothing  but  an  aggregalv 
of  lapilli,  and  by  its  decomposition  it  gives  rise  to  the  only 
other  variety,  which  is  distinguished  by  Brocchi  under  the 
name  of  earthy  tuff. 

The  origin  of  all  this  formation  must  have  been  antecedent 
to  the  commencement  of  the  present  order  of  things,  as  if 
evinced,  hot  only  from  the  vallies  by  which  its  once  con- 
tinuous beds  are  at  present  intersected,  but  likewise  iVotik 
the  Neptunian  deposits  with  which  it  is  seen  repeatedly  to 
alternate.  The  principal  of  these  is  either  a  sandy  marl 
containing  fragments  of  older  rocks,  or  that  calcareous 
deposit  known  under  the  name  of  travertine  stone,  which  has 
furnished  the  material  for  most  of  the  edifices  of  antient  as 
well  as  modern  Rome. 

*  Suolo  di  Roma. 
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This  rock,  it  may  be  obsenred,  is  not  produced  by  the 
waters  of  the  Tiber  at  the  present  moment,  but  we  h^ye 
ocular  {NTOof  of  the  manner  of  its  formation  in  the  Lago  di 
SolfiUara,  near  Tivoli,  where  the  same  process  is  constuntly 
going  on.  The  water  is  there  impregnated  with  sulphuretted 
hydrogen,  and  carbonic  acid  gases,  which  rise  up  in  bubbles 
through  it,  and  to  the  presence  of  the  latter  substance  it 
owes  the  property  of  dissaWing  calcareous  earth,  which  is 
again  deposited  round  the  lake  in  the  form  of  travertino, 
in  proportion  as  the  carbonic  acid  escapes. 

The  same  process  appears  to  have  taken  place  formerly  on 
a  much  more  extensive  scale  in  the  neighbourhood  of  Rome, 
and,  if  we  are  disposed  to  theorize,  we  may  attribute  it  to  a 
general  disengagement  of  these  two  gases  at  a  period  more 
nearly  approaching  to  that  at  which  the  volcanos  ,of  the 
neighbouring  country  were  in  activity.  For  we  shall  see  as 
we  proceed,  that  the  extrication  of  elastic  fluids^  of  which 
sulphuretted  hydrogen  and  carbonic  acid  are  the  most  com* 
mon,  takes  place  round  the  site  of  a  volcano  for  a  long 
period  after  the  cessation  of  its  more  violent  action^  so  that 
there  is  no  absurdity  in  supposing  that  the  same  operations, 
which,  when  in  their  greatest  intensity,  produced  the  mai- 
terials  of  the  volcanic  tuff  itself,  may,  during  the  periods  of 
their  partial  intermittence,  have  given  rise  to  these  gaseous 
exhalations,  which  imparted,  to  water  impregnated  with 
them,  the  property  of  dissolving  calcai*eous  matter;  nor 
shall  we  want  analogies  to  support  us,  if  we  assume,  that  a 
feeble  remnant  of  the  same  action  may  even  at  this  distance 
of  time  continue,  and  manifest  itself  in  the  sulphureous  ex- 
halations near  Tivoli. 

It  would  appear,  that  these  indications  (if  they  may  be  so 
considered)  of  languid  volcanic  action,  were  more  exten* 
sively  distributed  about  the  neighbourhood  in  earlier  periods 
than  at  the  present.  Thus  Varro  makes  mention  of  warm 
baths  near  the  temple  of  Janus,  whence  the  spot  obtained 
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the  name  of  Lautolas  ^^  a  Laoando  /'  a  spot  on  the  Esqni- 
line  Hill  was  called  Puticulm^  from  the  sulphureous  smell 
which  it  emitted ;  and  the  wood  consecrated  to  the  Groddess' 
Mephitis  renders  it  probable  that  a  noxious  gas  arose 
from  that  place.  All  these  have  now  ceased,  and  hothing 
remains  but  the  Lago  de  Sol&tara  to  remind  us  of  their 
existence* 

It  is  remarkable  that  no  kind  of  animal  is  seen  near  this 
water,  a  circumstance  which  can  only  be  attributed  to  the 
noxious  qualities  of  the  sulphuretted  hydrogen,  for  the 
Lago  de  Tartaro  near,  so  well  known  for  its  calcareous 
incrustations,  contains  abundance  of  moUuscae*  Shells  aie 
also  rare  in  the  ancient  travertine  near  Rome* 
'  The  existence  of  masses  of  this  latter  substance,  on  the 
very  summits  of  the  Seven  Hills  proves,  that  at  the  period  of 
its  formation,  the  site  of  Rome  must  have  been  covered 
with  water  to  the  depth  of  at  least  140  feet. 

From  the  character  of  the  shells  sometimes  contained  in 
the  Travertine,  which  Brocchi  has  ascertained  to  belong  to 
existing  species,  we  may  conclude  that  the  water,  which 
deposited  it,  was  not  impregnated  with  salt,  and  are  conse- 
quently enabled  to  fix  the  date  of  the  volcanic  tuff  which 
accompanies  these  Neptunian  deposits,  as  corresponding 
with  that  of  the  latest  freshwater  formation. 

Brocchi  has  further  shewn,  that  the  beds  above  noticed  aU 
rest  upon  a  formation  containing  oysters  and  other  marine 
shells,  which  is  seen  underlying  the  rest  at  the  Monte 
Mario,  and  in  the  excavations  made  at  the  foot  of  the  Ca« 
pitoline  Hill. 

On  the  road  between  Rome  and  Naples,  the  first  indica- 
tions of  volcanic  action,  after  passing  the  Pontine  Marshes, 
occur  a  little  to  the  south-west  of  Mola  de  Gaeta,  near  the 
River  Garigliano,  the  anticnt  Liris.*     We  there  find  our- 

♦  See  Ureislac  Campanie,  vol.  1.  p.  86. 
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selves  between  two  chains  of  hills,  that  to  our  right  the 
Mount  Massico,  composed  of  the  Appenriine  limestone,  the 
other  on  our  left,  consisting  entirely  of  volcanic  materials. 
The  town  of  Sessa  itself  stands  on  an  eminence  composed 
of  tufl^  which  seems  to  be  of  compiaratively  recent  date, 
since,  like  thatof  Herculaneum,  it  covers  the  remains  of  ah 
antient  city,  for  on  digging  the  foundation  of  an  house  scHfkie 
time  ago,  there  were  discovered,  many  feet  beneath  the  sur- 
face,  a  chamber  vrith  antique  frescos,  and  the  remains  of  an 
amphitheatre.  Yet  so  far  fi'om  any  account  existing  of  such 
a  town  having  been  destroyed,  we  have  no  tradition  even  of 
an  eruption  having  taken  place  from  any  volcano  near  ii 
since  the  memory  of  man.  Not  far  from  the  same  place,  the 
bed  of  a  rivulet,  which  has  washed  away  the  tuff,  exposes 
two  subjacent  streamsof  lava,  one  of  which  closely  resembles 
in  composition  that  with  which  the  Appian  way  was  paved. 
Sevei^l  other  masses  of  lava,  having  the  appearance  of 
Coul^es^  occur  either  near  Sessa  or  the  neighbouring  village 
of  Casale,  all  of  which  seem  referable  to  the  volcanic  moun« 
tain  of  Rocca  Monfina,  and  one  indeed  from  its  freshness 
would  seem  to  have  proceeded  from  it  at  no  very  distant 
€j)och. 

Rocca  Monfina  seems  to  retain  the  vestiges  of  the  great 
original  crater  from  which  these  volcanic  masses  proceeded. 
In  many  parts  indeed  its  sides  have  fallen  in,  but  enough 
yet  remains  to  enable  the  eye  of  the  traveller  to  fill  up  the 
outline.  The  now  detached  hills,  which  appear  to  hajpe^ 
resulted  from  the  destruction  of  the  walls  of  the  crater,  9iust 
have  enclosed  a  circumference  of  no  less  than  nine  miles, 
but  it  is  probable  that  the  actual  section  is  much  below  its 
former  elevation,  and  that  its  height  was  at  first  consider- 
ably  greater. 

Within  the  space  occupied  by  the  original  crater,  two 
other  volcanic  cones  have  since  beeii  thrown  up,  each  pro- 
vided with  its  crater;  the  magnitude  of  one  of  them  may  be 
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judged  of  by  the  fact,  that  on  the  summit  of  the  cone  is  a. 
pUda  near  a  mile  in  circumference,  bounded  by  two  lo% 
eminences,  which  are  the  remains  of  it. 

It  appe^urs  therefore  that  the  latest  erupticxis  of  this  \6k* 
cano  have  taken  place  since  the  country  was  inhabitad  Iq^. 
man,  but  it  will  hardly  be  considered  probable  that  iht- 
whole  of  the  tuff,  which  extends  firom  the  River  Gariglianoi 
beyond  Capua,  and  connects  itself  with  that  of  the  neighf 
bourhood  of  Naples,  is  in  the  same  predicament  with  that  of 
Sessa,  which  is  of  such  recent  date.  It  is  not  likely  indflirf 
that  the  Rocca  Monfina  was  the  source  from  whence  d^ 
greater  part  of  the  tuff  was  derived,  since  its  position  cm  Om 
summits  of  detached  hills,  as  well  as  at  their  base,  seema  Iq 
shew  that  it  has  been  produced  antecedently  to  the  general 
revolution  to  which  we  attribute  the  formation  of  the  TaIUef»> 

It  will  not  however  be  necessary  to  inquire  further  iataito 
origin  at  present,  as  it  is  clearly  the  same  with  that  near  Na» 
pies,  which  will  be  afterwards  more  fully  considered. 

A  few  miles  west  of  Mola  de  Gaeta  lie  the  Ponza  Islands, 
four  of  which  appear  to  be  entirely  volcanic,  the  fifth 
(Jannone)  in  part  Neptunian.  -  No  tradition  exists  of  their 
having  been  in  activity,  nor  was  Dolomieu  able  to  discKiver 
any  traces  of  a  crater.  The  most  recent  description  of  them 
is  that  communicated  by  Mr.  Poulett  Scrope,  to  the  Cieo- 
logical  Society,  of  which  I  extract  the  following  notice  from 
the  Annals  of  Philosophy  for  July,  1834. 

The  whole  of  these  islands,  with  the  exception  of  Jan* 
none,  are  composed  of  rocks,  of  the  trachytic  series,  fine 
sections  of  which  arie  presented  along  the  coast.  The  Isle 
of  Ponza  is  long  and  very  narrow,  and  is  eroded  by  the  sea 
into  deep  concavities.  Harder  masses  left  along  its  shores 
show  that  it  once  was  broader,  and  protruding  ledges  mark 
its  former  connexion  witli  Quannone  and  La  Gabbia, 
Prismatic  trachyte,  variously  coloured  and  disposed,  forms 
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the  odMure  of  the  island*  It  is  constantly  accompanied' 
by,  and  alternAteli  "vKth,  a  flemi-vitf eons  trackyiic  conglo- 
merate^  formed  of  minute  pulv^ulent  matter  eacloeing^ 
fragments  of  trachyte.  The  prisH^tic  traohyle  Beems  to 
fafffe  beeti  forcibly  injected  through  the  coi^oma^tte,  and 
wherever  it  touches  the  latter,  its  earthy  base  is  converted 
into  apitehstone  porphyry;  sometimes  it  becomes  a  pearl- 
atone^  at  others  it  incloses  a  true  obsidian*  These  rocks  are 
oontected  with  a  siliceous  trachyte^  resembling  in  appear* 
ance  the  siliceous  buhrstone  of  Paris. 

Resting  on  the  semi-vitreous  trachyte,  and  forming  the 
base^of  the  Montagnltdella  Guftrdia,  is  a  rock  900  feet  thick, 
which  the  author  distiri^ishes  mineralogtcally  from  common 
trachyte,  and  proposes  tocall  greystone.  In  Jannone  the 
trachyte  overlies  a  limestone,  which  Brocchi  describes  as 
transition  limestone ;  at  the  point  of  contact  the  latter  be- 
comes a  dolomite. 

On  looking  over  Mr.  Scrope's  specimens,  I  was  struck 
with  the  resemblance  between  many  of  them  and  the  consti- 
tuents of  the  Euganean  Hills  already  described. 

In  the  province  of  Basilicata,  near  the  town  of  Mdfi, 
rises  in  the  midst  of  the  chain  of  the  Appennines  a  large 
isolated  hill,  the  Mount  Vultur,  which  Horace  has  cele- 
brated as  the  scene  of  some  of  his  early  poetical  adventures.* 

This  mountain,  both  from  its  conical  figure,  and  the  rocks 
composing  it,  is  easily  recognised  as  volcanic.  On  its  slope, 
and  scattered  over  various  parts  of  its  surface,  are  no  less 
than  twelve  protuberances,t   thrown  up  by  the  action  of 

♦  Me  fabuloso  Vulture  in  Appulo 
Altricis  extr&  limen  Apuliee 
Lado  fatigatumqoe  somno 
Fronde  novft  puenim  pal  umbos 
Texere.  Carm.  Lib,  iii.  Ode  4. 

f  This  account  is  extracted  partly  from  a  memoir  of  Brocchi  in  the  Biblio- 
teca  Italiana,  partly  from  Romanelli  Topografia  del  regno  di  Napdi,  vd.  2*  p» 
232,  and  partly  from  the  Calcndario  di  Napoli,  for  18S4. 
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stfbleWflUewUS  fit*.  Eaclt  liaa  iis  respective  cone,  and  in  ihe 
midst  of  them  are  two  craters,  one  of  which  is  no  less  tlmn 
2000  paces  in  depth,  and  has  two  lakes  at  its  bottom.  These 
lakes  Btill  are  said  to  he  impregnated  with  carbonic  add, 
and  to  emit  an  inflammable  gas — probably  sulphuretted  or 
carbu retted  hydrogen. 

The  lava  of  Mount  Vultur  is  on  its  surface  of  a  greyish 
brown  colour,  half  sconced,  hard  lo  the  feel,  and  easily 
fi-angible,  but  in  its  interior  has  a  blackish  tint,  and  is 
much  more  compact,  so  as  indeed  to  approach  in  character 
to  basalt.  The  most  remarkable  substance  contained 
among  its  productions  is  Haui/ne,  which  indeed,  accord- 
ing to  Brucchi,  is  the  principal  ingredient  of  the  lavas, 
and  especially  of  that  stream  which  constitutes  the  greater 
part  of  the  eminence,  on  which  the  city  of  Melfi  is  situated. 
Nature  here  is  so  lavish  of  this  mineral,  that  (here  is  no 
need  of  searching  for  pieces  containing  it,  which  present 
themselves  every  where.  It  occurs  in  masses  of  various 
size%  some  larger  than  a  filbert,  their  colour  generally  of 
an  azure  green,  passing  by  various  gradations  into  a  dark 
blue,  and  their  texture  granular. 

The  lava  has  also  disseminated  over  it  another  substance, 
id  a  still  larger  proportion.  It  is  blackish,  opaque,  or  trans- 
lucent only  in  very  thin  pieces,  with  a  bright  lustre,  a 
vitreous  aspect,  and  a  fracture  generally  conchoidal,  but 
sometimes  lamellar.  It  generally  appears  on  the  lava  in 
the  form  of  irregular  spots,  or  else  has  the  porous  and 
scoriform  aspect  of  a  substance  that  has  undergone  fusion. 
At  first  sight  it  might  be  mistaken  either  for  augite  or 
blackened  leucite,  but  Bvocchi  is  persuaded  that  it  is  in  fact 
a  variety  of  Haiiyne.  With  this  the  form  of  the  substance-, 
when  it  can  be  procured  crystallized,  completely  accords, 
it  being  a  dodecahedron,  with  I'homhoidal  faces. 

The  blue  and  black  varieties  in  some  of  the  lavas  are  in- 
termixed, but  in  others  only  the  black  is  seen. 
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The  Hauyne  also  occurs  massive  in  rectangular  pieces  of  the 
size  of  the  thumb,  and  is  accompanied  with  leucite,  melilite, 
hornblende^  pseudo-nepheline,  mica,  and  other  minerals.* 

Near  the  town  of  Melfi   occur  several   alternations  of 

■ 

strata,  consisting  of  puz^olana,  pumice,  and  ferruginous 
sand,  covered  with  vegetable  mould*  In  another  place  of 
the  same  neighbourhood  the  volcanic  tuff  is  seen  alternating 
with  rolled  pebbles. 

About  a  mile  to  the  east  of  Mount  Vultur,  in  a  place 
called  Rendina,  is  AMoffettCy  or  an  exhalation  of  some 
noxious  vapour,  which  produces  a  sharp,  smarting  sensa- 
tion on  the  organs  of  sight,  smell,  and  taste,  and  causes 
ffldnting  in  those  who  breathe  it  too  freely.  Near  Atella,  on 
the  western  side  of  Mount  Vultur,  are  waters  impregnated 
vrith  sulphuretted  hydrogen,  and  carbonic  acid  gases.  I 
know  hot  whether  the  neighbouring  town  of  Acherontia, 
now  Achera,  derived  its  n^me  from  any  appearances  of  the 
same  kind,  like  the  Lake  Fusaro,  near  Naples.f 

The  magnitude  of  Mount  Vultur,  which  is  stated  difier- 
ently  at  2S  and  at  30  miles  in  diameter  at  its  base,  indicates 
the  extent  of  the  volcanic  operations  that  formerly  must 
have  takien  place,  yet  all  records  of  its  eruptions  are  lost  in 
the  darkness  of  antiquity,  and  we  must  even  attribute  them^ 
if  we  believe  one  writer,^  to  a  time  when  the  physical  struc- 
ture of  the  country  was  different  from  what  it  is  at  present, 
and  the  low  land  between  Melfi  and  the  Adriatic  consti- 
tuted a  sort  of  gulf^  extending  from  Taranto  upwai'ds,  the 
waters  of  which  washed  the  foot  of  this  volcano. 

*  Calendario. 

f  Horace  calh  it  «'  Nidas  Acherontiie,*'  'which  seems  to  imply  that  the 
town  was  placed  in  an  elevated  and  circular  cavity  on  a  mountain,  such  as  the 
crater  of  a  volcano  would  exhibit.  This  analog  of  appearance  suggested,  no 
doubt,  the  name  of  **  Nid  de  la  Poule,*'  -applied  to  a  crater  near  the  Puy  de 
Ddme  in  Auvergue.  I  think  however  it  is  somewhere  stated,  that  Aqhera  has 
for  its  foundation  a  calcareous  stratum. 

X  Cagnazzo  Congettura  di  un  antico  sbocco  dcU*  Adriatico.  Napoli,  1807, 
as  quoted  in  his  RomanelU*s  Topografia. 
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Not  having  seen  the  work  referred  to,  I  am  unable  to 
state  in  what  degree  his  hypotheais  is  borne  out  by  fact,  and 
shall  only  remark  that  it  seems  favoured  by  the  direction  of 
the  Appennines,  as  laid  down  in  common  maps,*  where  they 
are  represented  as  dividing  about  Melfi  into  two  branches, 
one  of  which  takes  the  direction  of  Bari  to  the  east,  the  other 
that  of  Calabria  to  llie  south ;  thus  inclosing  the  grealer 
part  of  ihe  province  of  Basilicata  in  a  kind  of  basin.  What 
this  intermediate  tract  of  country  may  consist  of,  I  have  not 
been  able  to  ascertain,  but  sliould  it  be  such  as  bears  out 
tliia  conjecture  as  to  extension  of  the  Gulf  at  one  period  in 
the  direction  contended  for,  we  may  derive,  from  the  pre- 
sent extinct  condition  of  Mount  Vullur,  an  additional  proof 
of  the  theory  which  I  shall  propvose  in  another  part  of  this 
work  with  respect  to  the  necessity  of  the  access  of  the  sen, 
or  other  large  bodies  of  water  to  feed  the  fires  of  every  vol- 
cano. At  present  the  distance  of  Mount  Vultiir  from  the 
Adriatic  cannot  be  less  than  five  and  thirty  miles,  whilst 
from  Naples  it  is  nearly  twice  aa  remote. 

Between  tlie  two  volcanos  of  Mount  Vultur  and  Rocca 
Monfina  is  the  Lago  di  Ansanio,  in  which  name  the  cla** 
sical  reader  will  directly  recognize  the  Lake  and  Valley  M 
Amsanctus,  alluded  to  by  Virgil,  into  which  the  fury  AtectO 
plunges,  afler  having  excited  discord  between  Turnus  ani) 
^neas ; 

Est  locus  Italic  tnedio  sub  inoutibus  sltiti 
Nobilis,  et  i'amk  multis  niemnratiis  in  oris, 
Amsancti  vallcs :   dcnsis  hunc  frondibus  atrum 
Urgel  utrimiiue  latiiB  nenioris,  medioque  fragOsus 
Dat  sonitum  saxis,  et  lorto  vcrtico  torrcns: 
llic  specus  horrendum,  sxvi  spiraculu  Dilis, 
MuDstratur,  ruptoi^ue  iugens  Acheruntc  vorogo 
Pcstiferas  aperll  fauces ;  quia  coudita  Erjonys 
Invisum  oamon,  terras  catlumque  levabat 

jEkeae,  lib.  vii.  I.  563. 

•  See  liie  mtcellenl  map  atlach^J  to  Mr,  Crnmer's  iisefiil  Description 
■nli«)t  iMly,     Oxrord,  1836, 
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This  description,  and  the  existence  of  a  temple  on  the 
spot  dedicated  to  the  goddess  Mephitis,*  naturally  suggest 
to  us  the  occurrence  of  volcanic  phaenomena,  and  the  ac- 
count ffyen  of  the  spot  by  modem  observers  is  such  as  fully 
confirms  this  conjecture. 

'  The  valley  of  Ansanto  t  is  bounded  by  Rocca  S.  Felice 
on  the  south«east|  Villa  M aina  on  the  virest,  and  Frigento 
on  the  north ;  it  contains  several  small  lakes,  through  which 
escape  bubbles  of  very  fetid  air.  The  largest  of  the  lakes 
has  a  circumference  of  about  160  feet,  and  is  no  more  than 
five  or  six  in  depth;  its  waters  are  from  7  to  81  degrees  of 
Reaumur  above  the  temperature  of  the  external  air,  the  ex* 
cess  being  least  in  winter  and  greatest  in  autumn ;  it  is  in 
continual  and  violent  ebullition  from  the  rise  of  much  sul- 
phuretted hydrogen  gas,  the  odour  of  which  is  very  per- 
ceptible at  a  distance.  Besides  this  there  are  given  out 
from  clefts  in  the  rock  near  the  lake  much  sulphurous  acid, 
carburetted  hydrogen,  and  carbonic  acid  gas^.  These  be- 
ing wafted  to  difierent  places,  according  to  the  direction  of 
the  wind|  become  fatal  to  the  animals  in  the  lower  parts  of 
the  valley^  the  specific  gravity  of  the  sulphurous  and  car- 
bonic acid  gases  causing  them  to  accumulate  near  the  sur- 
face of  the  groimd.  As  no  injurious  effects  are  caused  to 
the  mndaoard  of  the  spots  from  whence  the  vapour  issues, 
we  may  reiidily  explain  the! seemingly  capricious  action  of 
the  mq/S^iftf' upon' animals  in  difierent  parts  of  the  valley,  by 
the  direction  towards  which  the  wind  blows.  The  waters 
of  the  lake  being  impregnated  with  hepatic  air  are  celebra- 
ted in  many  diseases  of  cattle,  and  provided  there  be  the 
slightest  movement  in  the  atmosphere,  the  gases  do  not  ac- 
cumulate around  its  borders  in  sufficient  quantity  to  be 
pernicious.    •    ■      ' ■ 

There  is  one  '^pot  however  in  the  midst  of  a  torrent  which 


;j'i' 


*  See  Pliny,  lib.  ».;U  ^3. 

f  See  Brocchi  id  Blblibteca  Ttoliana  for  18dO,  and  Calendario  de  Napoli  for 
189S* 
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flows  along  the  valley,  called  die  "  Vado  Martahy*  from 
the  nature  of  tlie  mofette  existing  there.  Tliis,  which  con- 
sists entirely  of  carbonic  acid,  attains  usually  to  the  height 
of  four  or  hve  feet,  so  that  it  is  constantly  fiital  to  animals 
that  pass  the  stream  at  that  point. 

A  vast  accumululion  of  sulphur  takes  place  in  tilts  valley, 
owing  doubtless  to  the  decomposition  of  the  sulphuretted 
hydrogen,  which  is  emitted  in  such  quantities,  iliat  it  has 
been  proposed  to  collect  it  for  commerce;  and  petroleum 
has  likewise  been  met  with  iniennixed  with  llie  former  com- 
bustible.    Volcanic  products  occur  in  the  neighbourhood. 

Let  UB  now  proceed  to  consider  the  volcanic  appearances 
that  present  themselves  in  the  immediate  vicinity  of  Naples, 
where  we  have  the  advantage  of  comparing  theu-  eflecls  in 
various  stages  of  activity,  as  well  of  contrasting  those  pro- 
duced in  earlier  periods  of  the  world,  with  such  as  are  taking 
place  before  our  eyes. 

To  the  cast  of  the  Bay  rises  the  most  recent  of  the  vol- 
canos  near  Naples,  and  the  only  one  at  present  in  complete 
activity.  The  date  of  that  part  of  the  mountain  properly 
called  Vesuvius,  or  rather  of  its  cone,  jierhaps  does  not  go 
farther  back  than  the  period  of  the  famous  eruption  of  79 
after  the  Christian  ffira,  in  which  Herculaneum  and  Pom- 
peii were  destroyed  ;  for  the  ancient  writers  never  speak  of 
the  mountain  as  cousisting  of  two  peaks,  which  they  prob- 
ably would  have  done,  if  the  Monte  Somma  had  stood,  as 
at  present,  distinct  from  the  cone  of  Vesuvius.  It  is  aW 
remarked  that  the  distance  mentioned  in  ancient  writers  as 
intervening  between  the  foot  of  Vesuvius  and  the  towns  of 
Pompeii  and  Slabite,  appears  to  have  been  greater  than 
exists  at  present,  unless  we  measure  it  from  the  foot  of 
Monte  Somma,  so  that  this  affords  an  additional  probs' 
bilily,  that  the  latter  mountain  was  then  viewed  as  a  part  of 
the  former,  and  that  no  separation  between  them  at  ihai 
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time' occorred*  We  may  also  be  sure  from  the  semicircular^ 
figure  which  the  southern  escarpment  of  the  Monte  SomJooAr 
presents  towards  Vesuvius,  that  it  constituted  a  portion  of 
the  wiEdls  of  the  original  crater,  and  Visconti,'  it  is  4said,  has 
proved  by  actual  admeasurements,  that  .the  centre  of  ther 
circle,  of  which  it  is  a  sc^ment^  coincides  as  nearly  as  possi-r 
ble  with  that  of  the  present  criUer. 

There-  seems  dierefbre  little'  room  to  doubt,  that  the  old 
mouth  of  the  Tolcano  occupied  the  spot  now  known  by  the' 
name  of  the  Atrio  del  Cavallo,  but  dbat  it  was  greatly  more 
extensive  than  this  hollow,  as  it  comprehended  likewise,  the 
space  now  covered  by  the  cone,  which  was  thrown  up  Afteri- 
wards  in  cptisequence  of  the  renewal  of  the  volcanic  action 
that  bad  been  suspended  during  so  many  ages. 
'  This  view  *  likewise  tends,  as  I  think,  to  reconcile  the 
accounts  which  ancient  writers  have  giveii  of  the  structure 
of  -  the  mountain,  antecedently  to  the  periods  before  men- 
tioned. Florus,  for  instance,  in  his  narrative  of  the  insur<» 
rectionof  Spaitacus,  describes  the  manceuvre  by  which  that 
General  contrived  to  escape  from  the  Roman  army,  which 
besieged  faini  in  this  mountain,  in  the  following  manner : 

*''  Prima  velut  arena  virts  Mons  Tesuvius  placuit.   Ibi  cum  obside- 
reatar  a  Clodio  Glabro,  per  fauces  cavi  montis  vitineis  delapsi  vinculis, 
ad  imas  ejus'  descend^re  radices ;  et  exitu  invio,  nihil  tale  opinantis 
dacis  subito-lrapetu  castra  hipaere/' 
1  Fi.aau8, 1.  3.  c.  20. 

" '  Vesuvius  was  the  spot  pitched  upon  for  their  first  enter- 
prize.  Being  besieged  there  by  Clodius  Glaber,  they  des- 
cended through  the  defiles  of  this  mountain  by  means  of 
vine-twigs,  and  reached  its  very  bottom,  where  they  sur- 

^  "  - 

*  Whibt  this  theet  was  pataing  through  the  press,  a  statement  has  appeared 
in  die  pyblie  prints  respecting  an  aptient  picture  of  Vesuvius  recently  dug  up 
at  Herculan^um,  which  represents  the  Monte  Sonima  as  forming  a  part  of 
.  Vesuvius.  I  am  aniiious  to  obtain  further  particulars  of  a  discovery  so  corro- 
borative of  the  view  I  have  taken. 

■  ■ 
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prised  by  a  sudden  assault  the  camp  of  the  general,  who 
anticipated  nothing  of  the  kind. 

Plutarch,  who  evidently  refers  to  the  same  event,  noticea 
it  in  a  manner,  which  perhaps  will  enable  us  to  ascertain 
what  the  real  structure  of  the  mountain  at  that  time  must 
have  been.  After  describing  the  first  successes  of  Spartacus 
and  his  army,  he  says;  "  Clodius  the  Praetor  was  sent  against 
them  with  a  party  of  three  thousand  men,  who  besieged 
them  in  a  mountain  (meaning  evidently  Vesuvius)  having 
but  one  narrow  and  difficult  passage,  which  Clodius  kept 
guarded ;  all  the  rest  was  encompassed  with  broken  and 
slippery  precipices,  but  upon  the  top  grew  a  great  many 
wild  vines;  they  cut  down  as  many  of  their  boughs  as  they 
had  need  of,  and  twisted  them  into  ladders,  long  enough  W 
reach  from  thence  to  the  bottom,  by  wliich,  without  any 
danger,  all  got  down  except  one,  who  stayed  behind  to 
throw  them  their  arms,  after  wlrich  he  saved  himself  with 
the  rest."  * 

But  how  are  these  representations  consistent  with  the 
account  given  by  the  accurate  Slrabo  respecting  the  struc 
ture  of  Vesuvius,  which,  he  says,  is  surrounded  on  all  sides 
by  fine  fields,  except  on  the  summit,  which  is  in  great  mea- 
sure flat,+  but  barren  and  desolate. 

I  know  no  other  method  of  reconciling  these  accounts, 
than  that  of  suppoi^ing  Spartacus  to  have  encamped  within 
the  crater,  which  occupied  what  ia  now  the  Atrio  del 
Cavallo ;  that  the  walls  of  this  crater  were  at  that  time  en- 

_■"  •  UfcofCraiwui.     Plutarch's  op.  Reiihe  Vol,  3.  p.  SW, 
t  The  following  is  ihe  enlire  pssMge  referred  lo. 

"  Xtripu'rai  !t  n/i  tstmv  toutoiv  igas  ni  Ovivaoviatf  aygais  mgmimit- 
li,int  waiTXflAoie,  «*»>  Tiii  Jtsf&p^r-  at/Tii  yiwrnSot  ftit  -roXv  lufoc  ram, 
auiafwot  8*0^11'  «K  Si  mr  oi^'wt  TipfsiSiir,  not   jwiXoSai   ^aiiii   ovfaeyyuSdt 

Tixf/jifi'r'ai  Tit  TO  xfi'^'  '""^   >tmn/r6»i  Tforifoi,  ixi    tx'ir  Mfx-nfat 

iitjiti  flSiffSwai  S'iniAiirsuffiii  Tin  iiXtif. — Ta^n  Ji  rric  ivx«f«isc  TV 
HinAjiTovr  V'T-ioi.      Siisho.  Ed.  FhIc.  Vol.  1.  p.  355. 
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tirje,  e:itcept  on  one  part  wh^re  the  army  of  Clodius  established 
themselves;  and  that  the  insurgents  found  their  ladders 
tisefUl  in  d^M^ending  some  of  the  dteep  precipices  which 
existi^  on  the  external  slope  of  Monte  Somma,  as  well  ad 
in  the  first  instance  in  climbing  up  to  the  brim  of  the  then 
existing  crater.  The  western  front  looking  towards  Naples 
being  broken  away,  Strabo  might  naturally  have  considered 
what  Waii  onee  the  interior  of  the  then  extinct  crater  as  the 
summit  of  ihe  mountain,  and  it  is  by  no  means  unlikely  that 
the  form^  isiay  at  that  time  have  possessed  that  level  sur- 
face, which  he  notices  as  the  general  character  belonging 
to  it.  At  dl  events  no  alternative  seems  to  exist  between 
this  explanation,  and  our  regarding  the  passage  as  inaccti- 
fate,  for  the  structure  of  the  Monte  Somma  is  such  as  plainly 
demonstrates  that  it  has  not  been  thrown  up  by  any  sub- 
sequent eruption,  but  existed  at  at  leadt  its  present  elevation 
in  the  period  to  which  Strabo  alludes. 

Mons.  Neckar  de  Saussure,  who  has  published  in  the 
Transactions  of  the  Society  of  Geneva  *  the  most  recent 
account  of  this  mountain,  remarks  that  the  base  of  Somma 
as  well  as  of  Vesuvius  consists  of  tuff,  which  is  covered  over 
in  many  places  by  the  modem  lavaS  ejected  by  Mount  Vesu* 
vius.  From  underneath  this  tuff  rise  the  older  lavas,  of 
which  the  whole  of  Somma  is  composed.  The  beds,  into 
which  the  latter  are  divided,  as  observed  from  Vesuvius, 
ajppear  horizontal,  for  they  are  seen  to  range  at  an  equal 
ctevation  in  every  part  of  the  semicircular  wall  of  lava, 
which  bounds  the  Atrio  del  Cavallo.  This  appearance 
of  horizontality  is  however  deceptive,  and  arises  from  the 
circumstance  of  the  beds  dipping  equally  in  all  directions 
fit>m  the  centre  of  the  mountain  j  for  it  is  found,  that  they 
are  every  where  inclined  at  an  angle  of  30^,  and  rise  towarcb 
the  cone,  which,  as  I  have  before  observed,  is  placed  in  the 
exact  centre  of  the  original  volcano. 

•  T.  8.  pt.  I.  p.  155.    Gendve.  1883. 

K  S 
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•  The  older  lavas  of  SoDima  consist  of  leucite  and  mgit^ 
and  are  separated  by  occasional  beds  of  tuff*  They  are 
also  intersected  by  vertical  dykes  of  a  rock  (containing  much 
leucite,  which  seems  to  resemble  in  most  respects,  except  ia 
compactness,  the  rock  which  it  penetrates.  The  dykes  aM 
sometimes  observed  to  terminate  above,  and  at  other  tunes^ 
below,  nor  are  there  wanting  cases  in  which  they  8een&  al^ 
together  inclosed  in  the  substance  of  the  rock.  It  may  h^ 
remarked,  that,  unlike  most  other  dykes,  they  neither^pio- 
4uce  any  change  in  the  position  of  the  beds,  nor  in  the  chap 
racter  of  the  rock  with  which  they  are  in  contact. 
'.  Mons.  Neckar  imagines,  that,  if  we  suppose  the  semt: 
circular  escarpment  of  Monte  Somma  to  be  a  part  of  thi^ 
walls  of  the  original  crater,  we  may  readily  explain  the  di% 
rection  which  its  strata  are  found  to  assume.  Every  mqaii- 
tain  of  this  description,  he  maintains,  has.  been  origioally 
produced  by  a  series  of  operations  succeeding  each  other  in 
the  following  order.  When  once  the  violence  of  the  vol- 
canic operations  has  amved  to  such  a  pitch  as  to  create  a 
rupture  of  the  strata  of  the  earth,  the  elastic  vapours,  hi* 
therto  pent  up,  throw  out  portions  of  the  liquid  lava,  through 
which  they  force  their  way,  just  as  takes  place  when  a  mass 
of  melted  metal  happens  to  fall  into  a  vessel  containing 
water.  These  portions,  projected  into  the  air,  descend 
again  either  in  the  form  of  scoriae  or  sand,  and  collect  into 
an  aggregate,  which  when  agglutinated  together  vnSL  foim 
tuff.  But  the  projection  of  these  fragments  is  soon  iEbllowed 
By  the  overflow  of  the  melted  lava  itself,  which  by  degrees 
reaches  the  brim,  spreads  over  the  tuff,  and  forms  a  regular 
bed  encircling  the  original  aperture.  The  repetition  of  these 
successive  operations  causes  that  alternation  of  beds  .of  lava 
and  tuff  which  compose  the  substance  of  n^ost  volcanic 
mountains,  and  it  will  be  at  once  perceived,  that  the  direction 
in  which  they  are  found  to  lie,  rising  on  all  sides  towards 
the  crater,  is  a  necessary  result  of  this  mode  of  formation. 
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'  Witlioat-^tering  into  the  question  as  to  the  soundness  x>f 
such  anexplanation  with  reference  to  other  volcanic  moun* 
tains,  I  ajki  disposed  to  object  to  it  as  applied  to  the  parti- 
cular case  before  us,  on  account  of  the  difficulty  it  involves 
with  respect  to  the  mode  in  which  the  dykes  that  traverse 
the  rods  are  supposed  to  have  been  formed.  If  the  crater 
existed  previously  to  their  production,  as  according  to  this 
view  must  have  been  the  case,  I  cannot  imagine  that  the 
lava  could  have  created  the  fissures  which  it  now  occupies, 
since  there  would  be  ample  scope  for  its  more  ready  escape 
through  the  vast  area  existing  in  the  centre.  I  do  not  deny 
in4eed9  that  the  pressure  of  an  immense  column  of  lava  on 
the  walls  containing  it  does  in  many  cases  cause  fissures, 
which  axe  immediately  filled  with  liquid  lava,  thus  consti- 
tuting  dykes  in  the  surrounding  rock ;  but  I  contend,  that 
such -dykes  ought  to  be  most  frequent  in  the  lower  parts  of 
the  column  where  the  pressure  is  greatest,  and  that  it  must 
very  rarely  happen  that  they  would  be  formed  so  high  up  as 
the  crater,  since  if  the  rock  possessed  any  thing  like  an 
equal  consistency  throughout,  the  greater  force  of  the  co* 
lumn.of  lava  below  would  effect  a  passage  through  the  sides 
of  the  mountain,  before  it  could  create  fissures  in  the  part 
where  its  pressure  was  least.  Accordingly  most  wjriters 
have  supposed,  that  the.  fissures  having  existed  previously, 
the  lava  boiling  up  within  the  crater  insinuated  itself  into 
them,  and-  Mons.  Neckar  remarks,  that  those  dykes  which 
iq>pear  inclosed  in  the  substance  of  the  rock  can  hardly 
have  been  formied  in  any  other  manner.  But  if  that  be  the 
case,  why  do  not  we  find  them  occurring  indifferently  in  all 
directions,  instead  of  catting  the  beds,  in  most  instances, 
nearly  at  right  angles  ?  Wby  do  not  some  traces  of  the 
same  leucitic  lava  occur  in  the  bottom  and  sides  of  the  cra- 
ter, instead  of  being  circumscribed  so  exactly  within  the 
limits  of  these  fissures  ?  or  why  has  not  a  mass  of  melted 
matter,  capable  of  filling  to  the  very  brim,  the  vast  area  of 
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Hbe  ancient  crater  forced  a  pasBage  outwards^  and  des^mifed 
the  external  slope  of  the  volcano?  or,  if  it  had- dona  se^f 
where  are  the  traces  to  be  found  of  an  eruption,  the  magiti- 
tudeof  which  must  have  been  such^  that  all  those  of  OMMe 
recent  date  would  a{^)ear  quite  insignificant  by  its  aidei     ' 

These  circumstances  lead  me  to  think  diat  the  dykes  of 
Monte  Somma,  like  those  found  in  other  situations^  jmt» 
ejected  through  the  substance  of  a  solid  rock,  and  coms^ 
quently  that  the  crater  was  not  coeval  with  the  formatioa  of 
die  strata  with  which  it  is  surrounded.  This  perhaps  may 
have  happened  in  the  following  manner  i 

Let  us  suppose  a  succession  of  nearly  horizontal  stiata 
composed  of  any-  kind  of  rock,  to  cover  a  portion  of  the 
earth,  in  the  interior  of  which  volcanic  operations  >a» 
going  on.  It  is  evident,  if  the  elastic  vapomra^taia  soffit 
cient  force  to  elevate  a  portion  of  these  beds,  the  latter  will 
acquire  in  consequence  a  position  corresponding-  with  that 
belonging  to  the  rocks  of  Monte  Somma,  for  the  elastic  va* 
pours,  acting  with  the  greatest  violence  round  the  point  at 
which  they  have  created  for  themselves  an  aperture^  will 
upheave  the  strata  equally  for  a  given  distance  round^  and 
thus  cause  them  to  dip  on  all  sides  away  from  this  central 
point.  Yon  Buch,  in  his  description  of  some  of  the  Canary 
Islands,  published  in  the  Transactions  of  the  Academy  of 
Berlin,  has  shewn  that  many  volcanic  mountains  have  been 
raised  in  this  manner  from  the  sea,*  and  has  distinguiahed 
craters  to  which  he  ascribes  this  origin^  by  the  name  of 
Craters  of  Elevation,  "  Erhehungs  Cratere.'^  It  is  endent 
that  such  craters  as  that  of  the  Mosenburg  in  the  Elyfel^ 
which  shew  no  vestiges  of  volcanic  matter,  can  only  have 
been  formed  in  this  latter  way. 

Adopting  then  this  theory  as  applicable  to  the  origin  of 
Monte  Somma,  we  shall  have  less  difficulty  perhaps  in  re; 

•  ■ 

♦  See  my  third  Lecture. 
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tonciling'  the  existence  of  the  dykes  in  this  case  to  the  re* 
ceired  ophnons  with  respect  to  their  origin  in  general. 

We  vo^  suppose  for  instance,  that  the  strata  which  con- 
stitute the  substance  of  the  mountain  were  ^originally  depo* 
sited  in  an  horizontal  direction,  and  under  the  Surface  of 
water  ;  *  that  whilst  in  this  position,  a  renewal  of  volcanic 
action  took  place,  the  first  effect  of  which  was  the  produc- 
tion of  these  dykes  formed  by  the  lava  struggling  to  make  its 
escape.  A  continuance  and  increase  of  the  same  action 
tMkj  aftetwards  have  caused  an  uphearring  of  the  strata  in 
all  directions  round  the  area  since  occupied  by  the  crater, 
and  those  dykes,  which  now  appear  inclosed  in  the  sub- 
staniM  6t  ihe  rock,  may  have  once  been  continued  in  that 
portion  of  it,  which  has  been  broken  away  or  destroyed  by 
the  subsequent  operations  of  the  volcano. 

The  prec^eding  remarks  may  be  considered  as  brin^g 
down  the  history  of  the  volcano  to  the  commencement  of 
the  Christian  era,  when  so  long  an  interval  had  elapsed 
since  the  period  at  which  it  was  last  in  activity,  that  no 
^eilain  record  of  preceding  eruptions  appears  to  have  existed. 

It  is  true  that  Diodorus  Siculus,  who,  from  having 
visited  Etna,  must  have  been  familiar  with  volcanic  appear* 
ances,  was  struck  with  the  indications  of  a  similar  origin 
which  he  perceived  in  Vesuviu8,+  and  we  also  find  that 
Yitruvius,  when  speaking  of  the  Puzzolana  near  Naples^ 
which  he  supposes  to  have  been  formed  by  heat,  notices  a 
tradition  that  Vesuvius  also  in  former  times  emitted  flanie. 
Lucretius  likevrise  has  been  supposed  to  refer  to  this  moun* 

*  This  is  the  opinion  of  Breislac,  Gioeni,  and  other  naturalists.  Breislac's 
Campanie,  Vol.  i.  p.  135. 

Atmh  xdiXe/7dti  ^i  ivy  o  rcmos  dvi&wt9s^  i^wt  voAAa  onfAeut  rw  xtKovaOcu 
xarob  rws  »^^ouws  xS^novs* 
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tain  in.his  6th  Book,  where  he  speaks  of  a  spot  near  Qnum 
which  sends  forth  sulphureous  fumes ;  but  little  ought  to  be 
built  on  a  passage  which  has  such  different  readings^*  and 
it  seems  just  as  possible  that  the  poet  may  have  meant  to  re- 
fer to  the  exhalations  of  the  Solfatara,  which  Jies.  muph 
nearer  Cumse  :  nor  is  Silius  Italicus,  who  has  been  quoted 
in  proof  of  an  eruption  having  taken  place  during  the  2d 
Punic  war,  an  authority  altogether  unquestionable,  since 
having  witnessed  the  famous  eruption  of  79,  he  may,  with  a 
very  natural  poetical  licence,  have  introduced  a  simUfur 
event  as  happening  at  an  earlier  period  without  any  direct 
sanction  from  history. 

On  the  other  hand,  it  may  be  remarked,  thatStrabo  seeios 
rather  to  infer  the  igneous  origin  of  Vesuvius  firom  the  na- 
ture  of  the  rocks  found  upon  it,  than  from  any  received 
tradition,  and  that  it  seems  natural  to  attribute  to  the 
mountain  a  long  period  of  tranquillity,  both  from  the 
cultivated  state  in  which  it  existed,f  and  from  the  cir- 
cumstance of  the  crater  having  fallen  in  on  one  side,  as  must 
be  understood  to  have  been  the  case,  if  we  suppose  that 
this  was  the  spot  having  only  one  outlet  in  which  (he  army 
of  Spartacus  w^s  besieged.:|; 

•  This  passage  is  very  differently  read — 

Is  locus  est  Cumas  apud ;  acri  sulfure  montes 
Oppleti  calidis  ubi  fumant  fontibus  aucU; 
or, 

Qualis  apud  Cumas  locus  est  montemque  Vesuvum 
Oppleti  calidis  ubi  fumant  fontibus  auctus. 
.  It  is  evident  that  even  the  latter  reading  affords,  no  proof  that  VesuTina  had 
experienced  any  recent  eruption,  or  was  in  a  more  active  state  than  the  Sol&- 
tara  of  Puzzuoli,  which  will  be  afterwards  mentioned. 

+  See  Virgil's  Georgics,  Martial,  Varro,  and  others. 

X  If  Mr.  Hayter  be  correct  in  deriving  Herculaneura  from  Her  and  KoH, 
the  burning  mountain,  we  might  obtain  an  additional  argumetat  in  faTour  of 
the  ancient  eruptions  of  Vesuvius;  but  it  is  an  evident  affectation  to  substitute 
a  far-fetched  etymology  for  one  so  obvious  as  that  which  derives  it  from  Her- 
cules :  and  even  admitting  the  former  to  be  the  correct  derivation,  it  aifforda 

Ik 
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This  period  of  apparent  security  was  however  at  length 
to  cease ;  in  the  year  63  after  Christ,  the  volcano  gave  the 
first  symptom  of  internal  agitation  in  an  earthquake,  which 
occasioned  considerable  damage  to  many  of  the  cities  in  its 
▼icinity.  A  curious  proof  of  this  is  exhibited  by  the  exca« 
vations  made  at  Pompeii,  which  shew  that  the  inhabitants 
were  in  the  very  act  of  rebuilding  the  houses  overturned  by 
the  preceding  catastrophe,  when  their  city  was  finally  over- 
whelmed in  the  manner  I  am  about  to  describe. 
.  On  the  24th  of  August  of  the  year  79,  the  tremendous 
eruption  took  place,  which  has  been  so  well  described  in 
the  letters  of  the  younger  Pliny.*  It  was  preceded  by  an 
earthquake  which  had  continued  for  several  days,  but  being 
slight  was  disregarded  by  the  inhabitants,  who  were  not 
unaccustomed  to  such  phaenomena.  However  on  the  night 
preceding  the  eruption  the  agitation  of  the  earth  was  so  tre- 
mendous, as  to  threaten  every  thing  with  destruction. 

At  length  about  one  in  the  afternoon,  a  dense  cloud  was 
seen  in  the  direction  of  Vesuvius,  which  after  rising  from 
the  mountain  to  a  certain  distance  in  one  narrow  vertical 
trunk,  spread  itself  out  laterally  in  a  conical  form,  in  such  a 
manner,  that  its  upper  part  might  be  compared  to  the 
branches,  and  the  lower  to  the  trunk  of  a  pine.  It  was 
descried  from  Misenum,  where  the  elder  Pliny,  as  com- 
mander of  the  Roman  fleet,  was  stationed,  with  his  family, 
among  whom  was  his  nephew  the  younger  Pliny.  The  lat- 
ter, who  seems  already  to  have  imbibed  somewhat  of  the 
spirit  of  the  Stoical  philosophy,  which  inculcated  rather  an 
indifierence  to  the  course  of  external  events,  than  an  inquiry 
into  their  nature,  pursued  his  usual  train  of  studies  as  be- 
fore; but  the  former,  with  the  zeal  and  enterprize  of  a  mo- 

perhaps  no  stronger  proof,  than  the  names  of  some  of  the  mountains  in  Au- 
vergne  and  Hungary  do  of  the  modem  date  of  their  eruptions.  In  both  cases 
the  aspects  of  the  spots  themselves  might  be  sufficient  to  suggest  the  applica^ 
lion  of  their  names. 

*  Plin.  Epist.  Lib.  wl  £p.  Id.  80. 


154  Voicatiic  rocki  near  Naples. 

FESurias. 

dern  naturalist,  prepared  in  defiance  of  danger,  to  obtain  a 
nearer  view  of  the  phscnomena. 

Accordingly  he  first  repaired  to  Resino,  a  village  im- 
mediately at  tlie  foot  of  Vesuvius,  but  was  soon  driven  back 
by  the  increasing  shower  of  ashes,  and  compelled  to  put  in 
at  Stabife,  where  he  proposed  to  pass  the  night.  Gven  hei« 
the  accumulation  of  volcanic  matter  round  tlie  house  he 
occupied  rendered  it  necessary  for  him  to  remain  in  the  open 
air,  where  it  would  appear  that  he  was  suddenly  over- 
powered by  some  noxious  efiluvia,  for  it  is  said  that  whilst 
sitting  on  the  sea-shore  under  the  protection  of  an  awning, 
dames,  preceded  by  a  sul]>hureous  smell,  scattered  his  atten- 
dants, and  forced  him  to  rise  supported  by  two  slaves,  but 
that  he  quickly  fell  down,  choaked,  as  his  nephew  conjec- 
tured, by  the  vapour,  which  proved  the  more  fatal  from 
bis  previous  weak  state  of  health.  The  absence  of  any  ex- 
ternal injury  proves,  that  his  death  was  caused  by  some 
subtle  effluvia,  rather  than  by  the  stones  that  were  falling  at 
the  time,  and  it  is  well  known  that  gaseous  exhalationv, 
alike  destructive  to  animal  and  vegetable  life,  are  frequent 
concomitants  of  a  volcanic  eruption. 

The  other  circumstances  of  this  memorable  catastrophe 
are  sketched  by  the  younger  Pliny  with  a  rapid  but  masterly 
hand.  The  dense  cloud,  which  hovered  round  the  mountmn, 
pierced  occasionally  by  flashes  of  fire  more  considerable 
than  those  of  lightning,  and  overspreading  the  whole  neigh- 
bourhood of  Naples  with  darkness  more  profound  than  that 
of  the  deepest  night ;  the  volumes  of  ashes  which  encUH)- 
bered  the  earth,  even  at  a  distance  so  great  as  that  of  Mise- 
tium;  the  constant  heaving  of  the  ground,  and  the  recession 
of  the  sea,  form  together  a  picture,  which  might  prepare  us 
for  some  tremendous  catastrophe  in  the  immediate  neigh- 
bourhood of  the  volcano. 

Yet  the  covering  of  three  entire  cities  under  an  heap  of 
ashes  from  130  to  US  feet  in  depth,  would  seem  an  efiurt 


if  we  nme  i;M>t.aiiraceof  the  n^4eiM¥  i|li#i4iN^itlie  iKofecim^ 

their  m4tt<^|oc^  oiay  thpi^QO^lie  4^^  td.cree(ch»  .  lUilM 
b^ei^  i)I^Ah^  'ys^iifisAA0*  Ithi9  imaaea  qeotedti^  ^Wcyent 

«iH>wt«i^i;f  ^Aii4fy0t  ^  liU^er  li^^s  upoa  ibe  iwbole  IU^  iiDf* 
4ma5#^<Um)littMoB^  fi>r  |he  &lUiig  i^  of  its  &os^%t^  aa^ 
Pfi!^  nffi^ers  .10 1^  balaAc^d  bj  |h^  fvecmnuJaftiQii^  of  ftsbiof 

III, iflinOtW^'  •'.;-- 

The  cities  of  Stabiae,  Pompeii,  and  Herculaneum,  .wlijuQll 
were  destroyed  in  the  coiqrse  of  this  eruptioK^  ajpjHMar  to 
ll^ve  l^eM  overwhelmed,  fiot.  by  a  stream  of  inelted  maUei)^ 
but  by  3  shower  of  cindeks  ai^d  looif  fiagaienta;  t  for  the 
yarious (Utensils  and wocks  of  artthath^ve  beei^  diigfrom 
ib^pe  nowhere  ^shibit  any  signs  of  &^;and  evep.  the4eli<; 
eat»<  texture  of  the  Papyri  appear^  to  have  been,  affected 
omly^  in  ppofiortipn  as  it  has  subsequently  been  .^aqposod  to 
air  andmotstuire.  Thus  in  those  at  Pompeii,  which  was  co^ 
yered  by  a  mere  uncemented  congeries  of  sand  and  stonasy 
decomposition  has  proceeded  so  far  that  their  ^eontei^tsiare 
iUegible«,  whereas  at  Herculaueum,  wb^e  th0y  have, been 
preserved .  under  a  qielsies  of  tuff,  their"  cherac^ei^  oAen  ad*? 
init  of  their  being  decypheredr  Now  the  formati<m  of  thi^ 
hJUer  substance  is  e^lained  on  the  ^up'jposition  of  a  torrenl^ 
of  mud  having  accompanied  in  this  quarter  the  ejectionsof 
t^iVokano,  which,  favouring  the  agglutination  of  the.  loose 
HWVterials,  reduced  them  to  a  state,  which  though  lesa  con* 
sisteot  than  rtuff:  generally  is,  was  capable  of  preventing  in 
S(»ne  degree  the  acce^  of  air  and  humidity  to  the  substajaces 
underneath.  Sir<  W.  Hanulton  notices  a  fact,  which^  she^^ 
very  conclusively  both  that  the  tuff  of  Herculaneum  was 

*  This  was  remarked  even  by  the  antients,  and  Seneca,  Letter  70,  after 
starting  the  difficulty,  solves  it  by  remarking,  that  the  fire  of  the  Volcano 
'^  rn  ipso  monte  non  alimentom  habet,  sed  viam.'* 

f  The  stones  that  fell  at  Pompeii  are  said  many  of  them  to  weigh  81b.  t!ie 
largest  of  Stabis  only  an  oi|nce. 
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cttice  ill  -a  paiEfty  state/  and  that  it  owed  its  softniem  wMH 
lleet  but  to  moisture^  the  head  of  a  statue  that  was  dug- «p^ 
having  left  a  cast  in  the  tuff  which  had  formed  npoa-ily 
1iridk>ut  ajqpearing  to  jbe  itself  in  the  least  scorched.  •  - 
'  -  ■  It  is  not  my  purpdse  to  go  through  a  detail  ct^vHk  the  Md^ 
iBeiqgMa*  eruptions  which  have  taken  place  from  thte  Tolcanby 
rihce  the  accounts  that  have  been  handed  down  riespeetiog 
ttfem  prM^t  for  the  most  pert  little  more  than  vaga^  pi^ 
tnresof  the  terror  and  desolation  occasioned,  witheiafc-Mr^^ 
ing  to  increase  our  knowledge  of  the  phsenomena  tlfeitt» 
selves. 

*  The  second  eruption  appears  to  have  happened  in  the^yter 
SOSy  under  the  emperor  Severus,  and  is  described  b^  DkMf 
Oiosius,  and  Galen;  the  third  in  the  year  47S,  vrhich  fa 
Haid  by  Procopius  to  have  covered  all  Europe  with 'ashes^ 
and  to  have  spread  alarm  even  at  Constantinople.*  Otllflr 
biruptions  are  recorded  in  the  years  512, 685,  and  99S.  Thitf 
bf  1036  is  said  to  have  been  the  first  which  was  attended  with 
an  ejection  of  lava ;  in  preceding  accounts  we  hear  only  of 
ashes  and  lapilli  being  thrown  out.  Between  that  period 
and  the  commencement  of  the  seventeenth  century  the 
mountain  appears  to  have  been  only  five  times  in  a  stale  of 
activity,  and  in  1611,  the  interior  of  the  crater,  according 
to  the  report  of  Braccini,  was  covered  with  shrubs,  and 
every  thing  indicated  the  greatest  tranquillity.  Yet  only 
twenty  years  afterwards,  in  1631,  one  of  the  most  terrible  of 
its  eruptions  took  place,  which  covered  with  lava  the  gveatw 
part  of  the  villages  lying  at  its  foot,  on  the  side  of  tbe  Bay 
of  Naples.  Torrents  of  water  also  issued  from  the  moun- 
tain, and  completed  the  work  of  devastation.  The  volcano 
is  likewise  said  to  have  been  in  activity  in  the  years  1660^ 

*  Silius  Italicus  aptly  compares  the  flight  of  Hannibars  soldiers  after  the 
great  battle  of  Zama  into  regions  of  Africa  where  the  Carthaginian  name  had 
never  been  heard  of,  to  the  appearance  of  the  ashes  of  a  volcano,  in  plaoes  §u 
removed  from  the  site  of  its  eruptions.     Lib.  13. 


ISU^  IQdSn  «^  1698^  from  whiph.  time;  till  the,  present  iu^ 
iatenral» of  repose. have  been  less  lasting,,  though,  iuii  tl^ro^fli 
perhnpn  ha^Q  dimfadished  in  violence ;  for  the  longest  fsmafi 
since  that  time  .was  from  17^  tQ  IJbly  9fod  no  l^fsa  ^^^^ 
^i^teea  {iuitinGt  eruptions  are  noticed,  in  the  oouiiBe  pf:l^|l€| 
BOiore  tbanAioexMury^  aeYcpral.  of  whicb  continue4  witl^  ¥)^!) 
|ipdssion..foiF  the.  space  of  four  or  five,  years.  /That  qflT[Sff^ 
ga^e  vise  to.  a  stream  of  laY|^  wh^ch  passed  thi^pugh  the| 
yillagQ-of.  Torre. dd  Greco,  continued,  its  course  until  ar-) 
tested  by-  the  sem  at  which  timie  its  solid  contents  were  esti« 
mated  at  33,587,058  cubic  feet. 

:■  Qf  the  latter  eruptions  one  of  the  most  formidabki  was 
that  of  17949  recorded  by  Breislac,  himself  an  eye-witness  of 
it,  in  .his  travels  in  Campania.  The  torrent  of  laya  tha^ 
proceeded,  from  it  again  destroyed  the  town  of  Torre  del 
Greco,  and^  advanced  intothe  sea  to  the.distance  of  no  lep^ 
ihan  36$^ :  with  a  front  of  1127  feet.  The  cubic  contents  of 
pf  thi&  single  current  are  estimated  by.  that  naturf^bt  a( 
4M£^)766  cub.  feet.  ; 

The  eruption  of  18l3  has  been  described  by  Menai^d 
•de  Groye,  and  the  last  which  happened  in  1828,  by,  Momti- 
celli,  to  whose  observations  I  shall  have  occasion  to  refer  in 
a  future  part  of  these  Lectures,  the  more  especially  aa  not- 
withstanding the  opportunities  for  scientific  inquiry  thus 
afibrded  by  the  firequent  recurrence  of  these  eruptions,  it  is 
pnly  jof  late  that  any  facts  appear  to  have  been  obtained.that 
promise  us  the  least  insight  into  the  real  nature  of  the  phaEH, 
fiomena. 

•  Our  forefathers  indeed  appear  to  have  followed  quite  a 
mistaken  course,  in  taking  account  only  of  the  grander  opei-. 
raticms  of  the  volcano ;  whereas  these  in  reality  are  of  all 
others  the  least  instructive^  as  being  accompanied  with  cir- 
cumstances of  terror  and  risk,  which  preclude  the  possibility 
pf  near  and  accurate  research.    As.  the  chemist  in  the  in- 

I  ■  .  . .  ; 

vestigatioii  of  a  new  substance,  will  often  light  upon  pro- 
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perties  when  operating  on  a  single  giain,  which  had  escaped 
his  research  when  embarrassed  with  a  larger  quantity ;  so 
it  may  often  happen,  that  the  minor  eruptions  of  a  vc^cano, 
which  Tulgar  observers  orerlook,  reveal  to  us  phEenomena 
lliat  had  been  unperceived  amidst  tlie  terror  and  confusion 
of  its  more  violent  commotions ;  and  if  the  Naturalist  he 
disappointed  in  witnessing  the  effects  on  a  lesa  magnificeni 
scale  than  he  could  have  desired,  he  will  be  amply  repaid 
by  being  enabled  to  investigate  them  at  a  time  when  no  con- 
siderations of  a  personal  nature  control  or  interrupt  hi* 
proceedings.  Nevertheless,  as  every  degree  of  energy  in  the 
volcanic  processes  may  be  expected  lo  give  rise  to  certain  new 
pheenomena,  it  is  highly  proper,  that  an  account  should  be 
taken  of  the  circumstances  that  present  themselves  on  the 
mountain  from  a  state  of  the  most  languid  to  that  of  the  most 
vigorous  action,  and  it  is  only  by  combining  observations 
made  during  a  considerable  period,  such  as  may  include  all 
these  varieties  of  conditioit,  that  we  can  ever  hope  to  obtun 
correct  data  on  which  to  budd  a  theory  of  volcanic  ope- 
rations. 

In  considering  then  the  natural  history  of  a  mountain  of 
this  kind  with  reference  to  the  above  object,  three  distinct 
class^  of  substances  present  themselves  to  our  notice,  name- 
ly, the  lavas,  the  ejected  masses,  and  the  gaseous  exhataUons 
given  off. 

In  the  case  of  Vesuvius  I  should  suggest  a  division  of 
the  first  and  second  classes  into  two  distinct  heads ;  namely, 
into  such  as  were  produced  by  the  mountain  before  the 
renewal  of  its  activity  in  the  year  79,  and  such  as  are  of 
posterior  formation ;  and  I  sliould  also  propose  that  the 
elastic  vapours  should  be  likewise  divided  into  those 
emitted  during  a  period  of  comparative  quiescence  and  of 
activity. 

It  may  be  difficult  to  pronounce  decidedly  what  lavas 
have  been  of  anterior  formation  to  the  eruption  of  97,  but  we 


^ 
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obBCxre  cm  the  flank  of  Monnt  Somma,  in  the  hollow  way 
tenned  the  Foesa  Grrande,  seTeral  beds  superimposed  one  oil 
the  other^  which  appear  to  be  derived  from-  that  mountmny 
and  to  hate  no  connexion  with  the  present  cone  of  VesuTins* 
The  difierenees  however  that  exist  between  the  lavas,  havd 
not  hitherto  -at  least  been  shewn  to  be  dependent  on  their 
age^  but  wherever  the  mass  has  cooled  under  cjrcumstanceii 
ftlronrable  to  the  developement  of  crystalline  alrangementj 
the  result  ajppears  to  have  been  a  granular  mixture  of  felspai^ 
tettcitc^  augite«  and  titaniferous  iron.'  ' 

Von  Buch  remarks,*  that  the  streams  of  1760  and  1794^ 
resradble  basalt  in  colour,  fracture,  hardness,  and  wei^t, 
but  he  admits  that  the  majority  both  hei^  and  elsewhere^ 
bear  more  atmlc^  to  trachyte. 

The  ejected  masses  derived  from  the  ontient  volcano  at^ 
of  great  variety  and  interest.  They  are  accumulated  in  the 
Fossa  Grande,  and  other  hollow  ways  on'  the  slope  of  the 
mountain,  where  torrents  have  exposed  a  section  'of  thfe 
several  beds.  I  have  collected  in  these  situations  a  series  of 
granular  limestones,  nowise  inferior  in  the  fineniess  of  theil* 
grain  to  those  found  in  primitive  districts ;  yet  the  only  cal» 
careous  rock  met  with  in  the  neighbourhood  is  the  coarse 
limestone  of  the  Appennines,  and  it  seems  therefore  not 
altogether  [improbable  that  the  conversion  of  this  stone  into 
marble  has  been  effected  by  volcanic  agency.f  Breislsic 
mentions,  that  Dr.  Thomson  observed  the  same  change  to 
take  place  sometimes  in  calcareous  stones  exposed  to  the 
heat  of  a  lime  kiln,  and  that  a  specimen  of  that  kind,  one 
half  of  which  is  common  limestone,  the  other  marble,  is  at 

•  Reise,' vol.  2,  p.  180. 

f  Cornelius  Sevenis,  in  his  spirited  poem  on  Etna,  has  happily  ezpre«nd 
the  distinction  between  the  substances  to  which  the  volcanic  fire  has  given  new 
prdperties,  and  those  which  it  has  only  partially  affected — 

^  Pars  igni  domitse, — pars  ignem  ferre  coact«." 
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present  among  the  specimens  bequeathed  by  that  naturalist, 
to  the  University  of  Edinburgh.* 

A  list  of  the  varipus  minerals  found  among  these  qected 
masses  would  comprehend  more  than  one  third  of  aU  the 
species  that  are  known,  so  that  a  description  of  them  would 
be  altofirether  incompatible  with  the  limits  of  this  under- 
taking ;  I  am  happy,  however,  to  refer  you  to  an  accpunt  of 
them  which  is  soon  expected  to  ^pear  from  the  hands  of 
two  intelligent  naturalists  at  Naples,  who  devote  themaelves 
to  the  study  of  the  phaenomena  and  productions  of-  this 
Tolcano.t 

I  must  remark  however  that  these  minerals  are,  for  the 
n^t  part,  confined  to  the  ejected  masses  of  Monte  Sommay 
those  at  present  vomited  forth  by  the  volcano  containing 
only  crystals  of  felspar,  augite,  titaniferous  iron,  leucite, 
mica,  and  olivine.  Besides  the  above  we  may  'observe, 
among  the  loose  fragments  of  the  Fossa  Grande,  portions  of 
volcanic  matter  that  seem  to  have  been  detached  from  some 

ft        •  ■  B 

torrent  of  lava  that  lay  within  the  sphere  of  the  volcanic 
operations ;  these  disrupted  masses  are  called  Erratic  Lavas, 
.to  express  at  once  their  supposed  origin,  and  to  separate 
them  from  such  as  constitute  a  part  of  some  esdsting 
current. 

The  gaseous  exhalations  most  commonly  given  off  from 
Vesuvius  appear  to  be  sulphurous  and  muriatic  acid  gases, 
.the  former  chiefly  produced  during  a  period  of  calni^  the 
latter  at,  and  immediately  subsequent  to,  an  eruption.  Nitro- 
gen gas  has  likewise  been  detected,  and  much  aqueous  vi^ur 
is  generally  present.  The  latter  indeed  often  constitutes  the 
sole  product  of  those  Fumaroles  that  surround  the  external 
slope  of  the  crater,  when  the  mountain  is  in  a  tranquil  state. 

*  Brei8lac,*In8titut.  Geol.  §  855. 

f  Sign.  Monticelli  and  Covelli  have  announced  their  intention  of  pabliih* 
ing  an  account  of  these  minerals,  to  appear  in  parts,  under  the  title  of  Pro- 
droino  della  Miner.  Vesuviana. 
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■  Besides' these,  fatal  MoffetteSy  or  el^halations  of  noxioufT 
gas,  are  given  out  from  crevices  in  all  parts  of  the  mountain  i 
Aej -are  •  frequently  found  in  the  cellars  of  Portici  and 
Resina  after  an  eruption,  and,  when  they  occur  in  the  fields, 
prove  speedily  destructive  to  vegetation^  They  are  supposed 
to  consist  chiefly  of  carbonic  acid  gas. 

'  Reterving  however  for  a  ftiture  Occasion  a  liiore  full  ac* 
count  of  the  gases  exhaled  from  this  as  well  as  other  vol-* 
canos,  I  shall  proceed  to  examine  the- remaining  phsenomena 
connected  with  our  present  inquiry,  which  Naples  oflfers  to 
ourr^rd. 

And  fitst,  with  regard  to  those  related  to  the  actual  con« 
dition  of  the  volcano,  and  derived  from  its  operations.  - 

Ishdl'say  nothing  of  the  numerous  earthquakes  which 
are  of  such  common  occurrence  in  Calabria,  as  this  is  a 
subject  which  will  be  noticed  in  another  place,  but  shall 
mention  two  circumstances  which  have  been  urged  in  proof 
of  the  fact  that  the  volcanic  action  extends  even  at  present 
to  the  opposite  side  of  the  Bay« 

The  first  relates  to  the  temple  of  Serapis,  near  the  town 
of  Puzzuoli,  tlie  phaenomena  of  which  appear  at  first  sight 
to  indicate,  that  the  sea  has  twice  changed  its  level  with  re-* 
ierence  to  this  coast  since  the  Christian  aera^ 
•    The  facts  that  have  led  to  this  conjecture  are : 

Ist.  That  the  floor  of  the  temple  is  at  present  somewhat 
below  high-water  mark,  and  consequently  exposed  to  the 
rushing  in  of  the  sea,  which  it  is  presumed  was  not  the  case 
when  it  was  founded : 

Sdly.  That  the  pillars,  which  yet  remain  standing,  are 
perforated  by  pholades  at  a  height  of  about  sixteen  feet  from 
their  base,  which  implies,  that  at  some  intermediate  period 
the  sea  water  must  have  stood  at  this  level. 

Now  if  we  admit  that  these  facts  afibrd  sufficient  evidence 
of  the  points  contended  for,  it  would  certainly  involve  a  less 
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ditGculiy  to  suppose  that  the  change  of  leve^  WB3  owing  to 
the  movements  of  the  land,  than  to  those  of  the  sea,  since  a 
general  rise  of  the  latter  Suid  (and  no  permanent  rise  could 
be  partial)  to  the  extent  supposed,  would  have  leil  on  other 
coasts  of  the  Mediterranean,  evidences  which  could  not  have 
been  overlooked. 

But  even  this  latter  hypothesis  seems  to  involve  con- 
siderable difficulties.  It  implies  that  the  ground  has  luider- 
gone  at  least  two  changes  ;  the  first  a  depression  of  tiearlj 
30  feet  to  have  brought  it  down  to  the  level  of  the  sea  at 
low  water;  the  second  an  elevation  of  nearly  as  many,  bj 
which  it  was  restored  to  about  its  original  elevation. — Hod 
such  been  the  case,  it  is  probable  that  not  a  single  pillar  of 
the  temple  would  now  retain  its  erect  posture  to  attest  the 
reality  of  these  convulsions,  and  the  hot  springs  which  guah 
out  on  one  side  now,  as  tliey  did  sixteen  hundred  years  ago, 
would  either  have  been  dried  up,  or  turned  into  some  othes 
channel. 

It  aeems  therefore  most  probable,  that  the  effect  depended 
on  some  purely  local  cause,  and  that  the  existence  of  Pho- 
lades  at  that  height  arose  from  tlie  formaiion  of  a  small  lake 
on  the  site  of  the  temple,  which  was  ponded  up  consider^ 
ably  above  the  level  of  the  sea  by  accidental  circumstances. 

This  accordingly  is  the  hypothesis  of  Goethe,*  and  manj 
other  naturalists,  who  are  nevertheless  embarrassed  to  ac- 
count for  the  continuance  of  salt-water  at  so  great  a  height. 
Nor  do  I  conceive  that  Goethe  has  much  lightened  thfl 
difficulty  by  supposing  that  the  salt  was  obtained,  tike  tlut 
of  the  Dead  Sea,  from  volcanic  exhalations,  for  these  a» 
commonly  so  charged  with  noxious  ingredients,  that  their 
presence  would  render  the  water  even  more  unfit  for  th« 
abode  of  Pholades,  ihan  it  would  be  without  any  salt  at  all. 

It  appears  to  me  that  the  observaUon^  of  the  CanonicQ 

1  EdiD.  Phil. 
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di  Jorio^*  if  correct^  are  calculated  to  throw  tome  ligiit 
upon  this  question,  as  he  has  shewn  that  the  proofs  of  an 
overflomng  of  the  sea  may  be  gathered  not  only  from  thb* 
temple  itself^  b«it  from  the  land  on  either  side  of  it^  which' 
is  covered  with  pebbles  and  other  aUuvial  matter,  to  the 
same  height  as  the  parts  of  the  pillars  which  have  been  per- 
forated. Now  granting  this  to  be  the  case,  we  have  only 
further  to  explain,  in  what  mann^  it  happened,  that  after  the 
sea  had  resumed  its  former  level,  the  water  still  continued* 
round  the  temple  of  Puzzuoli  for  a  sufficient  length  of  time 
to  allow  of  the  perforation  of  the  pillars. 

For  my  own  part  I  here  concur  with  Gh>ethe,  in  believing 
that  thedvcnmstance  best  admits  of  explanation  by  calling 
to  our  assistance  the  volcanic  action,  of  which  the  neigh- 
bouihood  bears  sufficient  proofs. 

The  coUection  of  ashes  and  scorias,  under  which  the 
whc^  temple  was  buried  up  to  the  point  at  which  the 
Pholades  seem  to  have  begun  their  operations,  proves  that 
an  eruption  did  take  place  fix)m  some  neighbouring  moun- 
tain, which  covered  with  its  ejected  materials  this  particular 
spot,  and  if  we  suppose  the  latter  to  have  been  so  disposed 
aa  to  form  a  kind  of  bason,  \^hich  really  appears  to  have 
been  the  ca8e,t  it  is  evident  that  the  sudden  rise  of  the  sea, 
which  the  Canonico  di  Jorio  speaks  of  as  certain,  would 
have  the  etkct  of  leaving  a  salt-water  lake  surrounding  the 
upper  portion  of  the  pillars,  the  lower  being  buried  under 
the  volcanic  products. 

Even  the  inundation  itself  may  perhaps  have  arisen  from 
the  very  same  c^use,  for  we  know  that  a  sudden  and  con- 
siderable, rise  of  the  sea  is  in  fact  one  of  the  most  common 
as  well  as  the  most  fatal  consequences  of  similar  convulsions 
ofmiture. 

*  Ricerche  sul  tempio  di  Serapide  in  Pozzuoli.  di  Can.  And.  di  Jorio.  Nt- 
poli,  1820. 

f  Sae  Goethe*9  Memoir,  Ed.  Journ.  p.  94. 
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Thus  it  is  particularly  mentioned  in  Pliny's. account  of 
the  famous  eruption  of  79,  that  the  sea  and  land  appeared, 
to  have  changed  places,  and  in  the  earthquake  of  Mc^sin^ 
we  hear  of  an  immense  wave  rising  &r  on  the  opponte  coast' 
of  Calabria,  and  sweeping  away  SOOO  people* 
.  The  difficulty  of  supposing  the  lake  to  have  continued 
salt  long  enough  for  the  effect  produced,  is  lessened  by  an 
observation  of  Brocchi' 8,  who  states  that  Pholadesw31£fe~ 
in  water  very  slightly  saliiiie,  so  that  the  lake  might  hate 
continued  slowly  to  drain  off,^  and  yet,  if  supplied,  in  aiiieaiiy 
equal  ratio  from  the  hills  above,  with  fresh  water,  the  Pho- 
lades  might  long  continue  their  labours.^ 

I  may  add,  that  de  Jorio  seems  to  have  removed  the  othor 
difficulty  which  has  been  started  respecting  this  localilj^ 
that,  namely,  of  the  pavement  of  the  temple  being  below  the^ 
present  high-water  mark,*  by  shewing,  that. this  very  incon- 
venience was  plainly  contemplated  by  the  original  baiMers, 
w^ho  erected  a  dyke,  of  which  there  are  some  remains,  evi- 
dently intended  to  prevent  the  ingress  of  the  sea.+ 

The  site  of  the  temple  was  indeed,  in  all  probability,  de- 
termined by  that  of  the  warm  baths,  which  gushed  out  from 
the  spot,  and  the  Romans  were  too  much  in  the  habit  of 
controlling  the  movements  of  the  sea  near  Bais  by  artificial 
barriers,  to  be  deterred  from  erecting  the  temple,  on  the  spot 
which  supei*stition  dictated,  by  the  circumstance  of  its  bcdng 
a  few  feet  below  high- water  mark. 

The  second,  and  a  much  more  decided  case,  which  I  shall 
adduce  of  a  change  produced  on  the  physical  structure  of 
the  country  round  Naples  by  volcanic  agency,  was  the  rise 

■ 

*  Breislac  has  mentioned  other  facts  which  seem  to  shew  a  sinailar  riae  (d 
the  sea,  but  as  they  occur  within  the  circuit  of  the  Bay  of  Naples,  that  it 
within  a  space  exposed  to  frequent  earthquakes,  they  will  be  hardly  viefiei 
as  establishing  his  point.  At  all  events,  the  consideration  of  them  is  foreip 
to  the  present  purpose. 

f  Di  Jorio,  p.  55-^6, 
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of  a  new  mountain  on  the  northern  side  of  the  Bay  in  the 
l^th  centuryr  Vesuvius  had  at  that  time  been  for  a  long 
interval  tranquil,  but  a  succession  of  earthquakes  had  taken 
place  in  the  country  for  two  years  previously.  At  length  on 
the  28th  of  S^tember,  of  the  year  1538,  flames  broke  front 
the  ground  between  Lake  Averhus,  Mount  Barbaro,  and  l3ie 
Solfatara,  followed  by  several  rents  of  the  earth  from  which 
Water  sprung,  whilst  the  sea  receded  two  hundred  feet  from 
the  shore,  leading  it  quite  dry.  At  last,  on  the  89th,  about 
two  hours  afler  sun-^set,  there  opened  near  the  sea  a  gulph,' 
from  which  smoke,  flames,  pumice  and  other  stones,  and 
mud  were  thrown  up,  with  the  noise  of  thund^r^ 

In  about  two  days  the  ejected  masses,  fprm^d  a  mountain 
413  feet  in  perpendicular  height,  and  8000  feet  in  circum- 
ference. The  eruption  finally  ceased  on  the  3d  of  October, 
On  this  day  the  mountain  was  accessible,  and  those  who 
ascended  it  reported,  that  they  found  a  funnel-shaped  open- 
ing on  the  summit— a  crater^  a  quarter  of  a  mile  in  circum** 
ference. 

Some  suppose  that  the  Lucrine  lake  was  filled  up  or  de- 
stroyed by  this  eruption,  but  others  maintain,  that  the  latter, 
wUch  was  a  basin  originally  separated  from  the  sea  by  a 
dam,  had  been  merged  in  the  bay  again  upon  the  decay  of 
its  embankment.  It  is  certain  that  cotemporary  writers,  in 
their  account  of  the  formation  of  the  Mount  Nuovo,  say 
nothing  concerning  this  lake. 

The  Monte  Nuovo  is  composed  entirely  of  fragments  of 
scoriform  matter,  or  of  a  compact  rock  of  an  ash  grey  colour, 
sometimes  resembling  trachyte,  and  at  others  approaching 
to  jk)rphyry  slate.  The  scoriform  matters  include  pumice,  * 
and  most  other  varieties  of  volcanic  substances,  intermixed 
with  a  white  sand,  but  nev^r  agglutinated  so  as  to  form  a 
tuff*.  Its  form  is  that  of  a  compressed  or  oblong  cone,  and 
it  has  in  its  centre  a  crater  almost  as  deep  as  the  mountain 
is  lofty. 
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Near  the  bottom  of  the  crater  are  one  or  two  snudl 
cavemsy  the  interior  of  which  I  fbond  covered  Iiece  and 
there  with  an  efflorescence,  having  an  alkallpft  taste.  TSk 
sand  near  the  foot  of  the  mountain,  even  under  ^le  aea, 
possesses  so  hi(^  a  temperature  wh^i  brought  up  fiom  a 
little  below  the  surfiu^  of  the  water,  that  we  are  led  to  con* 
elude  that  the  volcanic  action  is  still  going  on  to  a  oeitain 
extent,  and  the  same  inference  may  be  drawn  from  the 
extr^ne  heat  of  the  watar  which  gushes  from  the  rock  ta  a 
cavern  not  far  distant,  called  the  Baths  of  Nero,  whibh  is 
sufficient  in  a  very  few  minutes  to  boil  an  e^. 

The  nearest  approach  however  to  the  phaenomena  of 
Vesuvius  is  exhibited  in  a  hill  between  the  Monte  Nuovo 
and  Puzzuoli,  called  the  Solfatara,  which,  although  con- 
sidered an  extinct  volcano,  as  no  ejections  of  solid  nwittcf 
have  ever  been  known  to  proceed  from  it,  is  continually 
giving  off  gaseous  exhalations,  mixed  with  aqueous  vapour.* 
I  am  indebted  to  the  kindness  of  my  friend  Mr.  HerscheU, 
and  to  Signor  Covelli  of  Naples,  for  an  opportunity  df 

*  It  appears  to  have  been  precisely  in  the  same  state  near  leOO  yean  agO| 
for  the  description,  which  Cornelius  Sevenis  gives  of  it,  applies  exactly  to  ill 
present  condition. 

Neapolim  inter, 

Et  Cumas,  locus  est  multis  jam  frigidus  aniii% 
Quamvis  aetemum  pingaescat  ab  ubere  sulphur* 

Strabo  also  notices  it  under  the  name  of  H^a/s'ov  ayo^dty  and  FMraniw 
Arbiter  gives  the  following  animated  and  correct  description  of  the  tpoL 

Est  locus  exciso  penitus  demersus  hiatu 
Parthenopen  inter  magnsque  Dicharchidos  arva 
Cocyta  perfusus  aqua.    Nam  spiritus  extra 
Qui  furit,  effusus  fiinesto  spargitur  sstu. 
Non  haec  auctuomo  tellus  viret,  aut  alit  herfoaa 
Cespite  Isetus  ager :  non  vemo  persona  canUi 
Mollia  discordi  strepitu  virgulta  loquuntur : 
Sed  chaos,  et  nigro  squallentia  pumice  saxa 
Gaudent  ferali  circum  tumulata  cupresso. 

SattrigoN)  cap.  190. 
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examining  the  nature  of  those  that  were  emitted  at  ihe  time 
I  visited  Naples  in  1895  j  these  gentlemen  having  been  good 
enoughj  as  I  was  incapacitated  by  illness  from  revisiting  the 
spot  for  that  purpose,  to  condense  a  portion  of  the  steam 
given  out  from  one  of  the  fumaroles  in  the  crater  of  that 
mountain,  which  of  course  would  contain  all  the  gases 
which  water  is  capable  of  dissolving.  These  appear  to  be, 
sulphuretted  hydrogen,  and  a  minute  portion  of  muriatic 
iiciiJ,  and  from  the  known  chemical  properties  of  these  two 
bodies,  it  is  easy  to  explain  the  presence  of  most  of  the  sub- 
stances that  occur  about  the  Solfatara. 

The  rock  of  this  mountain  is  a  sort  of  trachyte,  which, 
besides  a  little  potass,  consists  essentially  of  silex  and  alu- 
niine,  with  an  occasional  admixture  of  iron,  lime,  and 
magnesia. 

The  muriatic  acid,  acting  upon  these  ingredients,  forms 
severally  with  them  a  quantity  of  saline  matter  proportionate 
to  that  in  which  it  is  emitted,  but  the  most  abundant  salt  of 
this  class  is  the  muriate  of  ammonia,  the  formation  of  which 
may  perhaps  be  thus  accounted  for. 

When  muriatic  acid  is  suffered  to  act  upon  an  alkaline 
hydrosulphuret,  it  combines  with  the  base  and  separates  the 
sulphuretted  hydrogen;  very  little  however  of  (he  latter 
exhales  in  a  gaseous  condition,  but  it  is  for  the  most  part 
precipitated  in  the  form  of  an  heavy  oil,  which  is  found  by 
analysis  to  consist  of  1  atom  hydrogen  and  S  atoms  sulphur. 
Now,  as  sulphuretted  liydrogen  consists  of  1  atom  of  each 
ingredient,  it  follows  that  the  formation  of  this  body  must 
be  accompanied  by  the  disengagement  of  an  equal  volume 
of  hydrogen  gas.  But  what  becomes  of  this  latter  body 
since  it  is  not  to  be  detected  afterwards  in  a  separate  state  I 
It  is  probable  that  it  has  united  with  the  oxygen  of  the 
atmosphere,  or  vnth  its  nitrogen,  perhaps  indeed  with  both; 
in  the  latter  case  the  presence  of  the  ammonia  is  explained, 
in  the  former  it  is  rendered  more  comprehensible,  since  we 
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lunre  man  j  examples  in  which  nitrogen  in  its  nascent  stale 
is  known  to  unite  with  hydrogm,  held  in  combinatioii  by 
anuuties* 


Lei  lis  now  consider  what  becomes  of  that  (by  &r  the 
largest)  proportion  of  the  sulphuretted  hydrogen,  which  the 
small  quantity  of  muriatic  gas  present  does  not  influence. 
,  Uniting  with  the  difierent  earths  and  other  bases,  of 
which  the  Rock  of  the  Solfatara  consists,  it  will  form  with 
these  in  the  first  instance  the  difierent  combinations  known 
by  the  name  of  Hydrosulphurets. 

Now  this  class  of  compounds  undergo  decompositioii, 
when  exposed  to  air  and  moisture,  in  two  ways : 

1st.. The  presence  of  carbonic  acid  slowly  separates  the 
two  ingredients,  the  acid  combining  with  the  base,  and  the 
sulphuretted  hydrc^en  set  at  liberty  being  resolved  into  its 
elements,  of  which  the  hydrogen  forms  water  with  the 
oxygen  ^f  the  atmosphere,  and  the  sulphur  is  partly  pre- 
cipitated, and  partly  convened  into  the  hyposulphurous 
acid.  The  hyposulphurous  acid  again  unites  with  the 
different  earthy  bases,  but  these  combinations  are  not  per- 
manent, but  are  finally  resolved  into  sulphur  and  sulphates. 

Hei^ce  the  byposulphurets,  so  far  as  they  are  influenced 
by  the  presence  of  carbonic  acid,  give  rise  to  the  deposition 
of  sulphur,  and  the  formation  of  sulphuric  salts. 

2dly»  The  same  ultimate  result  appears  to  be  obtained  by 
the  mere  action  of  atmospheric  air  upon  the  same  com* 
pounds,  part  of  the  hydrogen  of  the  sulphuretted  hydrogen 
abandoning  the  sulphur,  combining  with  the  oxygen  of  the 
atmosphere,  and  forming  water,  whilst  the  remainder  exists 
in  combination  with  a  double  proportion  of  sulphur,  and 
produces  an  hydrogufetted  sulphuret.  This  substance  is 
however  finally  decomposed,  the  hydrogen  slowly  combining 
with  oxygen,  and  the  sulphur  being  either  oxygenized,  QX 
deposited  in  a  solid  form. 

Should  any  of  the  sulphuretted  hydrogen  remain  in  its 
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uncombined  state,  it  will  be  speedily  resolved  into  its  ele- 
ments* by  the  action  of  air  and  water;  such  at  least  I  hove 
found  to  be  the  case  on  confining  a  portion  of  this.  ^,  either 
with  or  ¥rithout  an  admixture  of  air,  over  water,  which  be-» 
comes  turbid  from  the  sulphur  separated  from  the  gas. 

Over  mercury,  on  the  contrary,  it  seems  to  remain  for  a 
long  time  unchanged* 

It  ajq)ears  then  that  in  both  these  ways  the  compounds 
formed  by  the  union  of  the  sulphuretted  hydrogen  with  the 
constituent's  of  the  rock,  would  be  finally  resolved  into, 
sulphur  and  sulphuric  salts ;  we  have  only  therefore  to  com- 
pare this  with  the  phaenomena  actually  exhibited  at  the 
Solfatara. 

The  rock,  of  which  this  mountain  is  composed,  is  naturally 
hard  and  dark  coloured,  but  in  proportion  as  it  is  exposed 
to  the  action  of  these  vapours,  its  texture  and  colour  un- 
dergo a  remarkable  alteration.  The  first  stage  of  the  pro^ 
oess-seems  to  be  a  mere  whitening  of  the  mass,  in  consequence 
doubtless  of  the  removal  of  the  iron  to  which  its  colour  is 
attributable ;  it  then  is  seen  to  become  porous  and  fissile  ; 
when  the  process  is  yet  further  advanced,  it  becomes  honey- 
combed like  a  bone  that  has  been  acted  on  by  the  weather; 
and  at  length  it  crumbles  into  a  white  powder,  consisting 
almost  entirely  of  silex. 

The  saline  substances  that  appear  efflorescing  on  the 
surface  of  the  rock,  correspond  with  the  above  statementb ; 
they  consist  (in  addition  to  the  muriatic  salts  before  alluded 
to)  of  the  sulphates  of  iron,  lime,  soda,  magnesia,  and  above 
all,  of  alumine.  Breislac  has  given  some  interesting  details 
respecting  these  salts,  in  which  however  I  have  not  time  to 
follow  him ;  it  is  sufficient  for  our  present  purpose  to  show, 
that  they  appear  in  almost  the  same  proportion,  as  that  in 
which  they  would  result  from  the  action  of  the  same  gas 
upon  a  stone  similarly  constituted. 

Meanwhile,  the  sulphur  deposited  difiuses  itself  through 
the  rock,  and  lines  the  walls  of  its  cavities :  but  Breislac 
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I  to  have  shewn  very  fiaUsfacunly,  that  it  results 
entirely  from  the  sulphuretted  bydrogea^  and  is  not  sub* 
limed  is  an  oncombined  state ;  for  we  only  find  it  in  those 
pBTtg  of  the  mountain,  which  are  near  enough  to  the  surface 
to  admit  of  the  ready  access  of  atmospheric  air.  It  is  soiDe< 
limes  accompanied  with  sulphuret  of  arsenic,  which  has 
probably  also  been  diseng^ed,  combined  with  liydrc^n, 
and  may  be  the  cauae  of  tlie  destructtveness  of  those  exha- 
lations, which  frequently  succeed  an  eruption,  I  have  been 
assured,  that  the  paradoxical  statement  of  Breialac's  with 
respect  to  the  pear  and  olive  being  proof  against  the  deJe- 
terioDs  influence  of  these  gases,  when  all  other  kinds  of 
vegetables  are  destroyed,  is  not  unfounded.  As  selenium  is 
now  ascertained  to  exist  among  the  products  of  the  crater 
in  the  Island  of  Volcano,  it  appears  probable,  that  a  gaa 
composed  of  that  metal  with  hydrogen,  will,  ere  long,  be 
detected  together  with  the  gases  before  enumerated. 

The  influence  of  these  exhalations  is  by  no  means  con- 
fined within  the  compass  of  tlie  Solfatara,  for  it  extends  to 
a  considerable  distance  on  the  hills  which  bound  that  vol- 
cano towards  the  nortli,  as  is  evinced  by  the  whiteness  and 
decomposed  condition  of  the  rocks,  in  consequence  of  being 
acted  upon  during  so  many  ages  by  sulphureous  vapours. 
It  would  appear  that  the  antients  designated  them  from  this 
circumstance  under  the  name  of  the  CoUes  Leucogtei,  for 
Pliny"  mentions  medicinal  waters  existing  between  Puz- 
zuoli  and  Naples,  called  Leucogei  Fontes,  and  there  is  still 
found  a  hot  spring  at  a  place  called  Pisciarelli,  situated  aa 
the  slope  of  these  hills. 

The  Holfatara  returns  an  hollow  sound  when  any  part  of 
its  surface  is  struck,  and  appears  not  to  be  made  up  of  one 
entire  rock,  but  of  a  number  of  detached  blocks,  whicli 
hanging  as  it  were  by  each  other,  form  a  sort  of  vault  over 
the  abyss,  within  wliich  the  volcanic  operations  are  going 
on.     Hence  there  would  seem,  not  to  be  one  aperture  Iiuger 

■   I'liii.  HiM.  Nm.  Lib,  31.  t,  B, 
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1  then 


,  such  a 


n  tlie 


wont  to  suppose  existing  n 
centre  of  every  active  volcano,  but  a  seriea  of  fissures  vhich 
allow  of  the  escape  of  elastic  fluids,  but  would  prevent  the 
fall  of  any  bulky  body. 

It  has  given  off  however  from  its  south-eastern  side  a 
streamof  lava,  which  extends  in  one  unbroken  line  to  the 
eea,  forming  the  promontory,  called  the  Monte  Olibano,  on 
the  road  between  Naples  and  Pnzzuoli.  It  is  remarkable 
from  its  want  of  resemblance  to  the  lavas  of  most  other 
volcanos,  as  it  consists  of  a  rock  which  can  hardly,  I  think, 
be  separated  by  its  raincralogical  characters  from  trachyte. 

It  consists  essentially  of  crystals   of  glassy  felspar,  im- 
bedded in  a  basis  of  a  felspathic  nature,  having  an  uneven 
fracture,  and  ash-grey  colour.     It  difiei-s  in  these  respects 
firum  the  rock  of  the  Solfatura  ilself,  which  I  have  found  in 
general  to  possess  a  darker  colour,  and  a  conchoidal  fracture. 
Both  however  agree  in  being  composed  essentially  of  felspar, 
and  containing  augite  only  as  an  occasional  ingredient,  so 
^rdutt  we  are  obliged  to  class  them  equally  under  the  head  of 
^■AiBchyte.     The  stone  of  Mount  Olibano  is  in  general  com- 
^H^t,  but  cells  are  Bometimes  present,  especially  in  the  upper 
^^■irt  of  the  rock ;  it  is  seen  to  rest  immediately  on  a  thin  bed 
^^■C  loose  fragments  of  lava,  and  is  covered  by  a  sort  of  tuff, 
^Bihich,  being  placed  on  a  part  of  the  hill  difficult  of  access,  I 
^~'Ieft  unexamined,  but  which  I  conjecture  to  consist  of  scoriee, 
and  sand,  that  succeeded  the  ejection  of  the  lava. 

The  whole  rests  upon  the  extensive  formation  which 
reaches  from  Puzzuoli  to  Curam,  and  appears  to  be  con- 
tinuous with  the  rock  found  in  the  immediate  neighbourhood 
of  Naples.  This,  which  has  long  been  known  by  the  name 
of  Puzzolana,  is  a  formation  of  volcanic  tuff,  bearing  many 
analogies  to  the  trass  of  the  Rhine,  and  the  pumiceous  con- 
;  gloraerates  of  Hungary. 

I' Its  basis  is  generally  of  a  straw  yellow  colour,  dull  and 
ursh  to  the  feel,  with  an  earthy  fracture,  and  commonly  a 
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loose  degree  of  consistence.  It  contains  imbedded  frag- 
ments of  pumice,  obsidian,  trachyte,  and  many  other  va- 
rieties of  compact  as  well  as  cellular  lava,  the  softer  kinds 
often  rounded,  the  harder  mostly  angular.  I  did  not  suc- 
ceed in  detecting  any  kind  of  rock  except  of  u  volcanic 
nature,  imbedded  in  it,  and  as  the  construction  of  a  new 
road  round  the  promontory  of  Gaiola,  gave  me  a  good  op- 
portunity of  examining  this  point,  I  do  not  believe  that  such 
specimens  are  common.  Shells  have  been  met  with  in  this 
rock  as  is  noticed  by  Sir  W.  Hamilton,  and  I  have  heard  uf 
the  bones  of  ruminating  animals  having  been  likewise  dis- 
covered. 

This  mass  of  tujf  is  sometimes  separated  into  beds  by 
strata  of  loam,  pumice,  or  of  a  ferruginous  sand,  and  Von 
Buch  notices  a  bed  consisting  of  fragments  of  limestone, 
cemented  by  calc-sinter,  occurring  in  the  midst  of  it  between 
Naples  and  Puzzuoli. 

The  height  of  this  tuflf,  in  many  places  near  Naples,  i> 
very  considerable ;  the  hitl  of  the  Camalduli,  the  loftiest 
eminence  next  to  Vesuvius  in  the  whole  country,  is  com- 
posed of  it,  and  to  the  west  of  Naples  it  forms  a  sort  of 
wall,  so  lofty  and  abrupt,  that  the  former  inhabitants  of  the 
country  apparently  found  it  easier  to  avail  themselves  of  the 
soft  and  fi-iable  nature  of  the  stone,  and  to  cut  through,  than 
to  make  a  road  over  it. 

This  is  the  origin  of  the  celebrated  Grotto  of  Posilippo,  a 
cavern  363  toises,  or  2178  feel  in  length,  50  feet  in  height, 
and  18  in  breadth,  which  strikes  every  stranger  with  surprise 
from  tlie  mass  of  rock  cut  through,  unlil  he  reflects  at  the 
case  with  which  a  stone  of  such  a  description  admits  of  being , 
hollowed  out. 

This  immense  mass  of  Puzzolana  forms  some  considerable 
hills  round  Naples,  many  of  which,  as  the  Monte  Barbanti 
Astroni,  and  others,  have  very  regular  craters,  but  do  not 
uppear  to  have  thrown  out  any  currents  of  lava. 
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-'  The  Lake  Agnano  hab  every  appearance  of  occupying  the 
original  site  of  a  crater^  as  the  strata,  whose  edges  are  visible 
in  its  inferior,  instead  of  having  a  corresponding  dip  on  the 
opposite  sides  of  the  cavity,  as  is  commonly  the  case  vritk 
valUes  formed  by  diluvial  action,  seem  on  the  contrary  to 
slope  in  all  directions  away  from  the  crater,  just  as  would 
hi^pen,  if  the  strata  had  been  thrown  up  by  a  force  actii^ 
from  below. 

Perhaps  the  deep  fissures,  that  are  found  so  commonly  in 
the  neighbourhood  of  this  and  other  hills  near  Naples,  may 
owe  their  origin,  like  the  Barancos  of  the  Canary  Islands,* 
to  the. upheaving  of  the  contiguous  rocks,  rather  than  to  the 
action  of  torrents. 

The  volcanic  action  here,  as  in  many  other  places  round 
Naples,  seems  hardly  extinct,  for  there  are  exhalations  of 
v?arm  vapour  constantly  rising  near  the  Lake,  which  are 
much  esteemed  in  various  complaints. 

The  celebrated  Grotto  del  Cane,  situated  on  its  borders, 
is  constantly  giving  out  volumes  of  carbonic  acid  gas,  con-' 
taining  in  combination  much  aqueous  vapour,  which  is 
condensed  by  the  coldness  of  the  external  air,  thus  proving 
the  more  exalted  temperature  of  the  spot  from  whence  it 
proceeded. 

The  mouth  of  the  cavem  being  somewhat  more  elevated 
than  its  interior,  a  stratum  of  carbonic  acid  goes  on  con- 
stantly accumulating  at  bottom,  but  upon  rising  above  the 
level  of  its  mouth,  flows  like  so  much  water  over  the  brim. 
Hence  the  upper  part  of  the  cavem  is  free  from  any  noxious 
vapour,  but  the  air  of  that  below  is  so  fully  impregnated, 
that  it  proves  speedily  fatal  to  any  animal  that  is  immersed 
in  it,  as  is  shewn  to  all  strangers  by  the  experiment  with  the 
dog. 

The  sensation  I  experienced  on  stooping  my  head  for  a 

♦  See  the  next  Lecture. 
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moment  to  the  bottom,  resembled  that  of  whicli  we  are 
Rometimes  seiiaible  on  drinking  a  Inrge  glass  of  sodu  water 
ID  a  state  of  brisk  efiervescence.     The  cause  in  both  iai 
■  stances  is  plainly  the  same*. 

The  quantity  of  carbonic  acid  present  in  the  cavern  at 
I  various  heights,  was  shewn  by  immersing  in  it  various  canw. 
llaustibles  in  a  state  of  inflammation.  I  found  that  phos- 
I  phorus  would  continue  lighted  at  about  two  feet  from  tbaj 
\  bottom,*  whilst  a  sulphur  laatch  went  out  a  few  incheSj 
I  qbove,  and  a  wax  taper  at  a.  still  higher  leveL 

It  was  impossible  to  fire  a  pistol  at  the  bottom  of  th«j 
I  c&vern,  for  though  gunpowder  may  be  exploded  even  in  I 
'  carbonic  acid  by  the  application  of  a  heat  sufficient  to  da*  ■ 
1  tompose  the  nitre,  and  consequently  to  envelop  the  mass  iai 
[  911  atmosphere  of  oxygen  gas,  yet  the  mere  influence  of  xi 
I  qiarli  from  steel  produces  too  slight  an  augmentation  c£<x 
•  temperature  for  this  purpose.  ., 

It  is  probable  that  the  Lake  Avernus  may  likewise  have, 
I  l»een  the  crater  of  a  volcano,  and  afterwards  a  SolfatarEij 
[' vhich  will  account  for  the  noxious  properties  attributed  to 
I  It  by  the  ancients. t 

*  Forsyth  has  erroneoiuly  stated  that  thaugh  torches  of  guapowdec  loif  I 
l^ir  inOaniniability  there,  yet  pliosphoriu  teBistir  tlie  OHrbonic  at 
+  When   we  consider  tlie  considerable  specific   gravity    of  gulphurcttef  J 
riydrogen  gas,  it  IB  very  reasonable  to  suppose  that  the  thick  wood*  ivhichiq 
er  times  aurrounded  the  Lake  Avemua  would  favour  materially  tiie  aeen^ 
ilion  of  thli  noxious  TBpour.    The  suiface  of  the  lake  screened  fi 
L  access  of  the  winds  in  every  quarter,  musl  have  been  covered  with  «  tiuct  J 

■  Mratum  of  unreepirablc  gas,  which  would  be  very  slowly  dissipated.    "■ 

c  acid  were  present,  the  natne  thing  would  taLe  place  with  this,  in 

I   iatich  greater  degree  than  with  Oie  former.     But  when  the  woods  h 

■  ^P*"*!  *>  we  are  told  was  done  by  A^^ippa,  the  air  of  tbe  lake  would 
I  eontinually  intermixed  with  the  tiurrounding  atcnoiphere,  so  that,  unlesa  a  1 
tnnttty  rapid  disengagement  of  gas  look  place,  the  noxious  qunlitios  wmilil 

I  MUG.    This  coiacidu  with  the  accounts  or  Sirabo,  Siliuf  Italicus,  and  oiliei 
|.«lMuca1  writcn. 


Qi»m  sayer  hwd  ato  polertiit  imfiw^ 
Tentoa  iter  p«iiius»  lalw  scae  bf^tiig  atj^ 
F«ocibii8  effund^DS  supera  ad  coBTeza  ferebat, 
Unde  locum  Orcci  dizenint  Bomiiie  Aomum* 

AllMetmil  no  sueli  ^Lhalatiom  ore  gtyen  out,  and  bknis 
t0  resoft  to  it  as  mneh  as  to  ny  lake  near  Naples. 

The  Lakes  of  Agnano  and  Ayemus  then  are, examples  of 
otatefs  coRTerted  into  lakes^  and  may  be  compaFed  with  those 
of  the  Syfbl  dHstrict  notieed  in  tho  last  lecture^ 

The  eireurastances  indeed  nnder  whicb  the  volcanic  ftc«' 
ihNi-iWM  muiifested  in  both  these  countries  seem  to  have 
benie  to  each  other,  a' considerable  analogy,  as  what  we  ob<* 
flerve  is  fnot  a  single  lofty  conical  mountain,  like  EStna  or 
TsBUtins,  from  which  streams  of  laira  have  successively  been 
dariilred,  but  either  a  series  of  eireular  depressions^  in  the 
nddst  ef  the  Pnzsolana^  as  those  of  Afemus  and  Agnano, 
or  otttun  comparatiy^y  low  hills  with  craters  rising  out  of 
them,  which  howerer  are  not  found  in  any  case  to  have  emit- 
tetl  nrovft  than  a  single  stream  of  lava,  and  in  most  instances 
iippeaf  to  have  given  vent  solely  to  exhalations  of  gaseoua 
matiers,  or  to  ejections  of  scorim. 

TheiSoIfatara  supplies  us  with  an  instance  of  the  former 
description,  the  Monte  Barbara  and  Astroniof  the  other. 

The  Monte  Barbara*  is  probably  the  most  elevated  vol- 

^  T%jg  iQ£9iixtain  ia  frequency  notieed  in  aii.ti«nt  writers  under  the  lyinie  of 
Ganmty  and  was  famous  for  its  vineyards.  The  following  elegant  lines  by 
AmeHus  Symmachus,  one  of  the  later  Latin  poets,  allude  to  this,  as  well  as  to 
tlie  haat  <|f  tile  water  near  its  foot. 

Ubi  oomiger  Lyieiis 

Operit  supema  Gauri ; 

Vulcanus  sBstuosis 

Media  incoquit  cavemis ; 

Tenet  ima  pisce  multo 

Thetis,  et  vagae  sororesi 

Calet  unda,  friget  .fithra ; 

Simul  innatat  choreis 

Amathusias  renidens, 

Salis  arbitra,  et  vaporis, 

Flos  siderum,  Dione. 
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canic  bill  on  this  nde  at  Naples,  it  has  a  crater  on  it» 
nimmtt,  one  side  of  which  is  brok^i  away,  and  its  exticDK 
antiquity  is  manifested  by  tbe  drcumstance  of  its  surftce 
being  coveivd  with  rerdure.  A  single  farm  honae  indeed  ii 
seen  in  the  inUnw  of  the  crater,  in  the  most  soUtary  utto- 
tion  probably  that  eould  be  chosen  within  so  ahtxt  a  liitfaaw 
of  a  great  capital. 

The  perfect  condition  of  the  crater  of  Astnini  haa  cauaad 
it  to  be  selected  by  the  King  of  Nq>les  as  a  presorve  fag  his 
vild  boar  and  other  nnimala  destined  for  the  chaae ;  it  it  k 
occular  cafity,  nearly  a  mile  in  diameter,  the  walla  of  iriiiell 
are  formed  of  a  congeries  of  scoriae,  pumice,  and  othct. 
ejected  materials. 

If  we  believe  BreislaC}  the  number  of  craten,  <^  «Udl 
indications  exist  in  the  neighbourhood  of  Naple^  iriB 
amount  to  no  less  than  twenty-seven,  bat  I  am  inclined'  tv 
think  that  many  of  the  hollows,  which  he  Buppoaes  to  bt 
derived  from  this  cause,  have  in  reality  been  produced  by 
water ;  nor  does  this  Geologist  appear  to  have  i^pi[died  the 
only  test  by  which  hollows  that  estabhsh  the  existence  of 
craters,  can  be  clearly  distinguished  from  those  derived  fiom 
other  causes — I  mean  the  direction  of  the  strata  compoang 
their  walls. 

These,  it  is  evident,  ought  in  the  case  of  a  valley  of  doin* 
dation  to  possieas  a  similar  inclination  and  dip  on  the  oppo- 
site sides ;  whereas  in  a  crater  they  will  diverge  in  all  di- 
rections from  the  original  centre  of  the  cavity. 

In  the  following  sketches  A  represents  a  valley  origjnBlty 
formed  by  water,  S  one  resulting  from  a  crater  partially 
destroyed. 
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Now  I  was  unable  to  satisfy  myself,  that  this  latter  ar» 
rangement  was  exemplified  in  any  of  those  hill%  which 
Breislac  supposes   to  have  been  portions  of  craters  once 

•existing  on  the  immediate  site  of  Naples, 

On  the  other  hand  it  may  be  remarked,  that  if  we  only 

'grmtf  t^  Pu^zolana  to  have  been  formed  at  a  period  an- 

.  tecedent  to  the  excavation  of  the  vallies,  the  existence  of 

.  holloas  and  other  irregularities  of  surface,  which  Breislac 

.  r^ards  as  the  remains  of  craters,  is  readily  explained;  for 
it  ig  evident^  that  a  rod^  of  so  sofl  and  yielding  a  texture, 

'  ought,  of  all  others,  to  exhibit  the  most  decided  evidences 
of  diluvial  action. 

Now,  independently  of  other  circumstances  which  will  be 

^  afterwards,  i^^isted  on,  the  manner  in  which  the  Puzzolana 
has  insinua^d  itself  into  the  bottoms  of  vallies  for  a  con- 

.  aiderablAcdistance  round  Naples  se^fns  to  prove  this  opinion. 

.  We  observe  it  so  situated  in  the  valley  of  Maddelona,  near 
the  aqueduct  of  Caserta,  imd  in  several  of  the  mountain 
gorges  near  Sorrento,  on  the  opposite  side  of  the  bay  of 
Naples* 

The  tuff  of  Sorrento  indeed  is  not  precisely  similar  to 
that  of  the  coast  opposite,  but  its  origin  is  probably  the 
3ame;  and  the  regular  distribution  of  this  material  in  both 
cases  over  so  extensive  a  surface,  and  amongst  rocks  that  do 
not  appear  at  any  time  to  have  been  affected  by  volcanic 
action,  seems  to  indicate  the  operation  of  water. 

But  even   if  we  limit  the   craters  that  existed  in  the 

.  Phlegr^n  fields  to  those  of  which  present  appearances 
leave  no  doubt,  their  number  will  be  sufficient  to  give  us  a 
frightful  picture  of  the  condition  of  the  country  at  an  early 
period  of  history,  and  serve  to  account  for  the  fables  of  the 
Poets,  who  imagined  the  entrance  to  the  Infernal  Shades  to 
lie  among  these  recesses. 

It  was  not  then,  as  dt  present,  a  single  mountain  which 
0ent  forth  flames  and  melted  matters  at  certain  intervals,  and 
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secured  a  comparative  immunity  to  the  rest  of  the  district ; 
but  there  was  a  constant  exhalation  of  noxious  vapours  fiont 
a  Tariety  of  orifices,  attended  with  earthquakes^  and  oUier 
phaenomena,  which  bespeak  the  operation  of  Tolcanic  agoiqr 
over  a  widely  extended  surface. 

If  then  the  early  settlers  in  Sicily  were  so  alarmed  al  tlie 
eruptions  of  Mount  Etna,  as  to  fly  to  some  other  part  ciibe 
island,  and  if  in  modem  times,  among  the  Canaries,  the 
inhabitants  of  Lanzerote  were  compeUed  to  migrate  on 
account  of  the  ravages  made  upon  their  possessions  duriBg* 
succession  of  years  by  subterranean  fire,*  it  is  not  unnatonl 
that  the  picture  which  Homer  had  received  of  the  Phlegrsfln 
fields  should  have  been  so  terrific,  as  to  have  led  him  to 
describe  themt  as  placed  at  the  utmost  limits  of  the  habit- 
able world,  unenlightened  either  by  the  rising  or  setting 
vrith  groves  consecrated  to  Proserpine,  rivers  witk 
of  fire,  and  enveloped  in  an  eternal  gloom^  These  ideis 
would  be  confirmed,  if  we  imagine  that  the  Cimmerian^ 
who  first  peopled  the  country,  lived  in  those  caverns  and 
hollows  of  the  rock  which  now  exist,  and  were  thus  by  tke 
very  nature  of  their  habitation  shut  out  from  the  light  of 

day4 
Such  a  picture  indeed  accords  very  little  with  the  ideas 

♦  See  my  third  Lecture. 

+  Odyssey  K.  A. 

J  I  have  noticed  in  my  memoir  on  Sicily  (Edinb.  Journal)  the  existence  of 
artificial  caverns,  which  we  hardly  know  whether  to  consider  as  the  dwelling 
or  burial  places  of  the  early  inhabitants.  Though  wretched  abodes,  tb% 
would  at  least  be  preferable  to  those  from  which  I  have  myself  seen  A 
Cy^anis  of  Hungary  creep  out^  which  were  literally  holes  in  the  grouiidf  is 
which  they  burrow  like  the  Troglodytes  of  old.  Capt.  Lyon  has  described 
similar  residences  in  Northern  Africa.  See  his  Travels,  p.  85.  But  tberscn 
be  no  doubt  from  the  number  of  caverns  noticed  by  travellers  in  the  East,  (see 
particularly  Buckingham's  Travels  in  Palestine,  p.  113.)  as  well  as  from  his- 
tory, sacred  and  profane,  that  the  practice  of  hollowing  out  the  roc]»  of  t^ 
country  for  habitations  in  many  instances  long  superseded  the  use  of  them  for 
erecting  regular  houses.  No  rock  however  affords  facilities  for  this  practiee 
equal  to  the  tuff  of  volcanos,  and  accordij)gly,  whereever  this  occurs^  vrt  find 
even  at  this  day  that  dwelling  places  are  excavated  in  it.  Such  is  the  case  in 
Ischia,  in  Auvergne,  and  in  the  Vivarais.  That  the  PuaaBotafMi  of  Najplw 
therefore  should  be  hollowed  out  for  this  purpose,  is  no  more  than  we  might 
r(>asonably  expect. 
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suggested  by  the  luxuriance  of  modern  Campania ;  but  it 
must  be  recollected,  that  at  the  time  when  Homer  wrote 
that  luxuriance  had  not  yet  beea  developed  by  cultiration, 
that  the  recent  occurrence  of  the  eruptions  had  probably 
devoted  many  parts  to  a  temporary  sterility,  and  that  others 
were  overshadowed  with  thick  and  gloomy  forests. 

The  neighbouring  islands  of  Procida  and  Ischia  are 
likewise  composed  of  volcanic  rocks  bearing  a  considerable 
resemblance  to  those  of  the  Campi  Phlegrei. 

The  former  seems  to  consist  entirely  of  tuff  separated  by 
beds  of  cellular  lava.  In  one  part  where  the  coast  exposes 
a  section  of  the  strata,  I  observed  that  they  were  so  con- 
torted as  to  represent  an  arch,  whilst  in  the  places  inter- 
mediate, as  well  as  on  either  side,  they  were  horizontal. 

This  effect,  happening  as  it  does  in  a  volcanic  country, 
seems  attributable  to  the  pressure  of  elastic  vapours  from 
below,  heaving  up  the  strata  round  a  given  area,  and  it  will 
be  readily  perceived,  that  if  the  force  applied  had  been  con- 
siderable enough  to  cause  a  disruption  of  the  beds,  we 
should  then  have  had  them  dipping  in  all  directions  away 
from  the  opening,  as  happens  where  a  crater  is  produced. 

In  the  following  sketches  No.  1.  represents  the  actual 
section,  and  No.  3.  that  which  would  have  resulted,  had 
the  force  been  somewhat  greater.  In  either  case  A  repre- 
sents the  beds  of  tuff,  and  B.  those  slaggy  lava  interposed. 
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The  Island  of  lachia  is  somewhat  more  Yorled  in  its  con^ 
position.  It  is  composed  for  the  most  part  of  a  rock  which 
seems  to  consist  of  very  finely  comminuted  pumice,  re- 
agglutinated  so  as  to  form  a  tuff,  sometimes  resembling  the 
Puzzolana  of  Naples. 

From  the  very  fine  state  of  division  however  into  wbich  it 
was  reduced  at  th^  time  when  it  underwent  consolidatiop,  a 
rock  has  oflen  resulted  of  so  homogeneous  a  texture^  as  tp 
be  considered  a  variety  of  felspathic  lava ;  but  I  am,  upon 
the  whole,  disposed  to  believe  it  to  be  rather  a  substance 
resulting  from  the  reaggregation  of  fragments  of  pumice  and 
other  analogous  products.* 

This  formation  is  often  separated  by  beds  consisting  of 
loose  portions  of  pumice  and  obsidian,  and  with  this  ex- 
ception nearly  all  the  island  may  be  said  to  consist  of  toff, 
'  which  extends  even  to  the  summit  of  Mount  Eppmeo^  its 
loftiest  point.  * 

I  could  discover  nothing  like  a  crater  on  the  summit  of 
this  hill,  but  conceive  its  superior  elevation  to  arise  merely 
from  the  rock  in  this  part  having  resisted  decomposition 
more  than  it  has  done  elsewhere. 

Although  the  puraiceous  conglomerate,  as  I  shall  yenture 
to  call  this  rock,  is  seen  in  every  part  of  the  island,  yet  at 
Monte  Vico,  near  the  town  of  Foria,  we  observe  intermixed 
with  it  huge  blocks  of  trachyte,  sometimes  30  feet  in  dia- 
meter, consisting  of  a  congeries  of  crystals  of  glassy  felspar, 
often  without  any  kind  of  intermedium.  These  blocks  are 
angular  and  of  irregular  shape ;  they  are  scattered  without 
any  order  through  the  substance  of  the  tuff. 

*  Although  I  give  this  ag  what  appears  to  me  the  most  probable  opinioQ* 
1  think  it  right  to  mention,  that  Brocchi  and  other  eminent  GeoIog;i8t8,  oon- 
sider  it  as  an  earthy  variety  of  trachyte,  and  that  it  certainly  bears  a  consider- 
able resemblance  to  the  Rock  of  the  Puy  de  Ddme.  There  are  on  the  other 
hand  varieties  of  the  micaceous  conglomerate  of  Hungary ^  i^hich  possess  in 
quite  as  great  a  degree  the  characters  of  a  trachytic  rock;  and  this  considera- 
tion, coupled  with  the  freqyient  presence  of  scoriform  portions,  different  in 
colour  from  the  matrix,  is  my  principal  reason  for  speaking  of  it  as  1  bare 
done.  Other  Geologists  will  do  well  to  consider  the  rock  particuUrly  with 
reference  to  this  point. 
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A  Uttid  beyond  the  village  of  Casamiccola^  is  a  conical 
lull,  eidled  the  Monte  Thabor^  composed  entirely  of  tra* 
t;hyte,  one  variety  of  which  seems  to  approach  to  clinkstone 
porphyry.  • 

This  trachyte  rests  upon  a  bed  of  clay,  Sometimes  red  and 
ferruginous,  at  others  blue,  in  which  are  imbecj^^d  several 
species  of  area,  murex,  turbo,  and  trochus,  enumerated  by 
Brocchi.*  Thus  the  date  of  the  trachyte  cannot  be  anterior 
to  that  of  the  tertiary  class  of  rocks. 

As  we  proceed  from  thence  in  an  easterly  direction  round 
the  cbast  of  Ischia,  we  meet  with  evidences  of  volcanic 
operations  of  a  still  more  recent  date. 

At  Castaglione  the  ground  is  covered  with  loose  fragments 
of  pumice  and  obsidian,  which  I  did  not  succeed  in  tracing 
to  their  source.  Still  further  we  cross  the  stream  of  lava, 
which  issued  from  the  side  of  the  mountain  in  the  year  1309, 
remarkable  from  the  large  crystals  of  glassy  felspar  which 
are  imbedded  in  it.  Its  surface  is  still  undecomposed,  and 
consequently  barren,  moss  alone  growing  upon  it,  and  that 
only  in  a  few  parts,  a  proof  of  the  number  of  ages  required 
for  bringing  some  lavas  into  a  state  fit  for  cultivation. 
This  current  may  be  readily  traced  up  the  mountain  to  the 
point  fipom  whence  it  issued,  which  is  marked  by  the  exist- 
ence of  a  crater,  originating  apparently  from  the  eruption 
itself. 

The  castle  of  Ischia  itself  stands  on  a  projecting  mass  of 
lava,  which  appears  to  have  made  a  part  of  a  current  that 
may  be  traced  to  the  neighbouring  heights  of  Campignano, 
where  it  constitutes  a  sort  of  ridge  resting  upon  the  pumi* 
Ceous  conglomerate.  Its  high  antiquity  is  evident  from  the 
changes  that  must  have  since  taken  place  in  the  figure  of  the 
island,  for  not  only  has  the  promontory  been  separated  from 
the  island  by  some  subsequent  convulsion,  but  we  imme- 
diately perceive  that  a  stream  of  lava  at  the  present  time 
\yould  pursue   a  very  different   direction,  and,  instead  of 

•  Conch.  Subftpp.  p*  354. 
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reaching  the  promontory,  would  fill  up  the  vallies.and  in- 
dentations in  the  coast  which  the  present  current  overlooks. 

Thus  Ischia  appears  to  have  l>een  subjectc^i  to  yolcanic 
action  of  as  many  different  periods  as  the  neighbourhood  of 
Naples  itself,  its  pumiceous  conglomerate  corresponcfing 
with  the  P^izzolana,  its  trachytes  to  the  rock  of  the  Sol- 
fa  tara,  and  the  lava  of  the  Capo  d'Arso  to  those  of  Vesuvias* 
Even  the  antients  were  fully  aware  of  its  volcanic  natuiei 
attributing  it  to  the  Giant  Typhceus  being  confined  und^r 
the  mountain,  and  Strabo  relates  that  a  colony  sent  over  by 
Hiero,  tyrant  of  Syracuse,  was  so  alarmed  by  the  frequsnt 
earthquakes,  that  they  deserted  the  island,* 

At  present  the  only  immediate  indications  of  volcanic 
action  are,  the  high  temperature  of  the  sand  on  the  sliore 
near  the  Monte  Yico,  which,  two  feet  below  the  surface,! 
found  to  be  IIX)*"  of  Fahrenheit,  and  the  hot  vapour  which 
issues  from  the  ground  in  various  places  of  the  same  neigh* 
bo.urbood.  The  fissures  through  which  the  steam  passes 
are  often  coated  with  a  white  siliceous  incrustation,  which 
Dr.  Thomson,  I  believe,  was  the  first  to  notice  under  the 
liame  of  fiorite. 

Dr.  Maccullocbt  has  noticed  a  similar  phsenomenon  as 
occurring  in  the  graphic  granite  of  the  Isle  of  Rona,  wh6re 
the  surface  of  the  quarts,  or  chalcedony,  as  it  has  been 
otherwise  called,  obtains  from  exposure  to  the  weather  a 
glossy  enamel,  arising  apparently  from  a  partial  solution  of 
the  silex.  A  similar  enamel  is  to  be  observed  investing  the 
sandstones  of  Jura  and  of  Schihallien,  and  in  the  granite  of 
Rockall. 

The  circumstances  of  the  case  are  certainly  more  favour- 
able to  chemical  action  in  the  vapour  baths  of  Ischia,  as  the 
aqueous  particles  are  presented  to  the  silex  at  a  high  tem- 
perature, and  in  a  minute  state  of  division,  at  the  moment  of 
their  deposition  from  the  state  of  vapour. 

*  Strabo.  Lib.  v.     He  tells  us  that  Ischia  ivat)  torn  by  some  convulsioo  of 
nature  from  the  main-land,  but  this  is  not  probable, 
f  Geolog.  Trans,  vol.  2.  p.  392.  . 
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I  need  not  insist  upon  the  analogy  between  the  above 
phsenomena,  and  those  presented  at  the  Geysers  in  Iceland, 
but  I  may  remark  that  similar  concretions  are  noticed  as 
occurring  among  the  volcanic  rocks  of  the  Solfatara  and  of 
Santa  Fiora  in  Tuscany;  by  Humboldt  at  Teneriffe;  and 
by  Von  Buch  in  Lanzerote.  In  these  cases  the  alkali,  which 
in  the  Iceland  Geysers  is  supposed  to  assist  in  dissolving  the 
silex,  does  not  appear  to  be  present. 

The  Lipari  Islands,  between  Najples  and  Sicily,  are  made 
up  of  a  class  of  volcanic  products,  very  analogous  to  those 
we  have  been  just  considering. 

Like  the  neighbourhood  of  Naples  too,  they  allow  us  to 
compare  the  phsenomena  of  active  and  half-extinguished 
volcanos,  with  those  which  have  arisen  from  the  same  cause 
at  earlier  periods. 

'^The  Island  of  Stromboli  consists  of  a  single  conical 
mountain,  having  on  one  side  of  it  several  small  craters,  one 
of  which  is  in  a  state  of  activity,  the  rest  extinct.  The 
volcano  is  in  this  respect  peculiar,  that  although  it  rarely  has 
its  periods  of  intense  energy,  yet  it  as  rarely  enjoys  any 
intervals  of  repose,  no  cessation  having  ever  been  noticed  in 
its  operations,  which  arc  described  by  wi*iters  antecedent  to 
the  Christian  sera,  in  terms  which  would  be  well  adapted  to 
its  present  appearances.* 

*  CalUas,  a  eotiemporary  of  Agathocles,  who  made  himaslf  absolute  in  Sicily 
from  B.  C.  317  to  289,  is  quoted  by  the  Scholiast  to  A  poll.  Rh,  UI.  41,  as 
mentioniug  the  fires  af  Lipari,  meaning  probably  Stromboli,  and  it  is  probable 
that  Theocritus  may  refer  to  the  same  island,  when  he  says — 

UaKKaiKis  Afat^oto  crtXas  ^Xoyg^ttrt^of  euBtu 
As  likewise  Aristotle,  where  he  states  that  in  Lipari  the  fire,  after  a  cessatioo  of 

16  years,  returned  on  the  17th.  Stromboli  (l>r^oyyvKn)  it  mentioned  by  name 
by  Diodorus  Siculus,  as  giving  rise  to  explosions  of  air  and  to  ejections  of  sand 
and  heated  stones.  The  same,  he  says,  is  the  case  in  Hiera,  now  Volcano. 
Strabo,Lib.  6,  speaks  of  Lipari,  Volcano,  and  Stromboli,  as  emitting  flames, 
and  says  that  those  in  the  latter  island  are  inferior  to  the  two  former  in  point 
of  violence,  but  superior  in  brightness.  Cornelius  Severus,  on  the  other 
band,  speaks  of  the  volcano  in  Stromboli  as  greater  than  that  of  Etna. 

Faecundior  Etna         ^. 
Insula,  cui  nomen  facics  dedit  ipsa  rotutfdic* 
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These  conisist  in  ejections,  repeated  at  very  short  intenral% 
of  stones,  scorias,  and  ashes,  which  either  fall  back  within  the- 
crater,  or  are  carried  in  one  or  the  other  direction,  accord- 
ing to  the  drift  of  the  wind.  As  however  the  crater  is  placed 
on  the  slope  of  the  precipice,  and  not  upon  its  summit,  tlie 
ejected  matters  tend  but  little  to  increase  the  accumulation 
of  substances  in  its  immediate  neighbourhood,  but  are  for' 
the  most  part  carried  into  the  sea. 

I  reached  with  considerable  difficulty  the  summit  of  the 
mountain,  which  rises  at  an  angle  often  of  nearly  40*,  and 
is  covered  completely  with  volcanic  sand,  consisting  of 
titani&rous  iron,  amongst  which  I  found  numerous  crystals 
of  augite,  and  masses  of  black  pumice,  or  of  an  highly  scori- 
form  and  fibrous  description  of  lava,  which  seems  to  ap- 
proach nearly  to  that  mineral. 

On  looking  down  from  that  elevation  upon  the  volcano, 
I  perceived  that  its  minor  explosions  were  in  general  almost 
continuous,  but  that  the  greater  ones,  which  alone  were 
audible  below,  take  place  at  intervals  of  about  seven  mi- 
nutes. The  latter  were  sufficiently  terrific  to  give  me  an 
idea  of  what  takes  place  during  an  eruption  of  Etna  or 
Vesuvius,  but  as  the  wind  did  not  blow  the  stones  in  our 
direction,  we  should  have  incurred  no  considerable  risk  in 
approaching  it  nearer.  On  expressing  however  this  wish  to 
my  guides,  I  was  reminded,  by  their  refusing  to  accompany 
me,  of  the  remark  which  Spallanzani  makes  in  respect  to 
the  superstitious  horror  entertained  in  his  time  by  the 
liiparotes  of  the  crater  of  Volcano,  which  obliged  him  to 
procure  a  Calabrian  for  his  attendant ;  and  finding  that  no 
one  would  venture  to  accompany  me  nearer,  I  thought  it 
prudent  to  abandon  the  attempt. 

*  Humboldt  remarks  (Pers.  Narr.  vol.  i.  p.  226.)  that  he  has  seen  blade 
pumice  stones,  in  whieh  augite  and  hornblende  are  easily  recognized  :  they 
arc  less  light,  of  a  spongy  texture,  and  rather  cellular  than  fibrotts ;  we  mi^t 
be  tempted  to  think,  that  these  substances  owe  their  origin  to  basaltic  lavas. 
He  has  observed  them  in  the  volcano  of  Pichincha,  as  well  as  in  the  taia  of 
Vausiljppo,  near  Naples. 
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I  contented  myself  therefore  with  visiting  those  parts  of 
the  island  which  were  not  in  the  immediate  vicinity  of  the 
Volcano,  and  found  them  chiefly  composed  of  a  tuff,  in  some 
places  not  unlike  that  which  I  have  described  as  occurring 
in  Ischia.  In  one  place  the  cavities  are  lined  with  specular 
iron  in  very  minute  laminae. 

This  tuff  is  in  some  places  penetrated  by  dykes  of  a 
cellular  description  of  rock,  which  approaches  in  its  miner- 
alogical  characters  to  trachyte. 

These  dykes  often  pursue  so  regular  and  horizontal  a  • 
course  through  the  tuff,  that  they  may  be  readily  mistaken 
for  beds  alternating  with  that  rock,  but  when  we  trace  them 
to  any  distance,  the  deviations  that  occur  from  their  original 
direction,  and  their  origin  from  two  or  three  roots,  that  rise 
vertically  from  below,  sufiiciently  betray  their  real  nature. 

Tuff  penetrated  hy  Dykes  ofSlaggy  Lava — Strombolu 

No.  1. 
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Dr.  MaccuUoch  has  noticed  some  dykes  of  a  similar  kind 
in  his  description  of  the  Hebrides,  especially  in  plate  17,  in 
which  he  represents  several  appearances  produced  by  the 
interference  of  the  trap  with  the  secondary  strata  on  the 
east  coast  of  Trotternish. 

The  following  is  a  contracted  sketch  of  one  of  his  draw- 
ings : 


The  west  and  south  of  the  Island  of  Lipari,  which  I  next 
visited,  is  composed  of  a  tuff  occasionally  penetrated  by 
dykes  similar  to  those  of  Stromboli. 

These,  notwithstanding  their  general  horizontality,  betray 
their  real  origin  in  a  manner  similar  to  that  of  the  dykes  at 
Stromboli,  and  likewise  in  one  instance  from  the  disturbance 
they  have  occasioned  in  the  direction  of  the  beds  of  tufl^ 
which  are  thrown  up  obliquely  by  the  dyke. 
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Section  of  the   7^  and  Slaggy  Imtvo  in  a  place  catted 
VuleanellOf  Isle  oflapari. 


The  tuff  in  the  west  and  south  of  Lipari  contains  im- 
bedded  fragments  of  obsidian  and  pumice;  but  on  the  south 
the  whole  surface  of  the  country  ,is  covered  with  the  latter 
substance,  which  forms  several  considerable  bills,  and  ex- 
tends to  the  furthest  point  of  the  island. 

Dolomieu*  has  remarked,  that  this  pumice  seems  to  be 
derived  from  the  fusion  of  granite,  for  not  only  did  he 
observe  in  the  midst  of  this  substance  fragments  consisting 
of  quartz,  mica,  and  felspar,  but  when  such  fragments  were 
exposed  to  heat,  they  were  converted  into  a  substance, 
resembling  in  its  general  characters  the  pumice  surround* 
ing  it. 

*  Dolomieu  mr  ka  Isles  du  Lipaii,  p.  67. 
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The  pumice  of  Lipari  is  found  to  rest  on  a  bed  either  erf* 
obsidian,  or  of  a  semiyitreous  substance  nearly  allied  to  it. 
Some  of  the  varieties  possess  a  remarkable  resemblance  to 
certain  products  obtained  by  Mr.  Gregory  Watt*  during  the 
cooling  of  large  quantities  of  basalt,  an  incipient  crystalli* 
zation  beginning  to  manifest  itself  in  the  midst  of  the  V\* 
treous  mass  by  the  appearance  of  white  or  lighter  coloured 
spots,  which  appear  to  be  made  up  of  parts  radiating  from  a 
common  centre. 

In  many  of  the  Lipari  obsidians,  however,  the  round 
spots  are  composed  of  concentric  laminae,  and  are  disposed 
in  general  in  lines,  so  as  to  give  a  resemblance  of  stratification 
to  the  mass.  In  other  cases  the  whole  mass  is  made  up  of 
globules  of  this  kind,  which  are  hollow  internally,  and  some* 
titnes  cemented  by  black  obsidian. 

The  obsidian  also  occurs  in  a  brecciated  form ;  large 
angular  masses  of  it  being  held  together  by  a  white  earlbj* 
looking  paste^  which  i^  hard  and  gritty. 

In  other  cases  the  paste  has  all  the  appearance  of  a  whit^ 
enamel,  such  as  is  used  for  china  or  pottery. 

It  is  difficult  to  know,  to  what  we  are  to  attribute  the 
abundance  of  pumice  in  Lipari  contrasted  with  its  rarity 
in  other  parts  of  the  Mediterranean,  for  though  Dolomieu 
is  disposed  to  attribute  it  to  the  kind  of  material  on  which 
the  fire  had  operated,  I  am  more  inclined  to  the  opinion  of 
Humboldty  who  considers  pumice  rather  a  particular  state 
into  which  many  minerals  may  be  brought,  than  a  separate 
species;  and  am  therefore  obliged  to  look  to  the  different 
modes  in  which  the  heat  was  applied  for  an  explanation  of 
the  fact. 

For  the  formation  of  pumice  it  seems  requisite,  that  a 
considerable  disengagement  of  vapour  should  have  taken 
place,  during  the  time  at  which  the  body  acted  upon  was  in 
a  plastic,  though  not  in  an  altogether  fluid,  condition. 

But  why  this  should  have  occurred  at  Lipari  and  among 

•  See  Phil.  Trans,  for  1804. 
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the  older  volcanic  rocks  near  Naplesy  rather  than  at  Etna 
and  Vesuyius,  still  remains  unaccounted  fbr. 

It  is  also  difficult  to  explain  why  vitreous  lavas,  such  as 
obsidians,  should  be  of  Such  common  occurrence  in  Lipari,* 
for  the  latter  are  not,  as  we  should  be  disposed  to  conGdder 
them,  loose  ejected  masses,  which  from  tt)e  great  relattm 
extent  of  their  surface,  were  soon  coolled  in  the  atmos^hei^ 
gnd  therefore  put  on  a  vitreous  form,  but  they  constitute 
extensive  beds,  which  ought,  it  should  seem,  to  have  beei^ 
subjected  to  the  same  1^W&  pf  congelation  as  the  lavas  pf 
other  volcanos.  , 

The  only  indications  of  volcanic  action  at  present  exists 
ing  in  Xiipari  are  the  hot  springs,  situated  about  four  mile9 
west  of  the  town.  I  observed  however  a  rock,,  which,  froflo^ 
the  changes  it  had  undergone,  seems  evidently  to  have  beent 
acted  upon  by  sulphureous  exhalations,  so  that  it  is  prQbft]|;>le, 
that  at  no  very  remote  period,  some  of  the  less  equivocal 
effects  of  subterranean  fire  may  here  have  manifested  theiU't 
selves.  The  antients  indeed  speak  of  Lipari  as  emitting  q. 
Mercer  fire  than  Stromboli,t  and  Strabo  particularly  men? 
iions  fm  eruption  of  mud,  attended  with  smoke  and  flame, 
which  took  place  in  the  sea  between  Hiera  (the  Island  of 
Volcano,  near  Lipari),  and  Euonymos,  now  (according  to 
Cluyerius)  Lisca  Bianca.:]: 

*  Is  the  formation  of  obsidian  at  all  connected  with  the  presence  of  boracic 
acid  ?  This  I  beh*eve  has  been  conjectured  by  some  Swiss  naturalist,  but  $he 
experiments  of  Dr.  Turner,  detailed  in  the  Edinburgh  Journal  of  Science  for 
January,  1826,  seem  to  discountenance  such  a  notion,  as  he  finds  that  neither 
the  pumice  nor  obsidian  of  Lipari  appear  to  contain  that  substance. 

(jkt9  euro  rw  o-vtjfbocrof,  eo-r/  ^i  xat  avrnhacirv^os^  &iot  /xfy  fX^yos  XinrofAivny 
rcj  ^t  ^tyyn  vXtO¥BKrovar»,     Strabo,  lib.  vi. 

J  May  not  the  comparatively  yeceiit  origin  of  th?  Isle  ^f  Lipari  be  inferred 
from  the  sterility  ascribed  by  Cicero  to  the  country ;  (see  Orat>  3.  in  Verrem) 
for  as  it  is  at  present  very  fertile,  its  barrenness  may  have  arisen  from  the 
circumstance,  that  sufficient  time  had  not  elapsed'  to  cause  a  suitable  decompo- 
sition of  the  masses  ejected. 
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Before  this  occurred,  the  aea  between  these  two  ifiiandd 
rose  to  an  unusual  height,  and  became  so  warm,  that  the 
fish  died  in  numbers  sufficient  to  taint  the  air»*  Strabo 
indeed  adds,  that  flames  have  been  observed  rising  firom'the 
aea  in  the  neighbourhood  of  those  islands,  and  Pliny  notices 
the  same  as  happening  for  several  days  during  the  Social 
War.t 

Homer  seems  to  allude  to  something  of  the  sam^  kind  in 
the  13th  book  of  the  Odyssey,  where  Circe  relates  to  Ulysses 
the  dangers  he  is  to  undeigo  near  the  coast  of  Sicily ;{  and 
even  the  epithet  of ''  floating,''  (vX&m)  which  he  has  a{^[dfed 
to  the  island  in  which  king  Eolus  reigned,  may  be  supposed 
lo  refer  to  the  earthquakes,||  vrith  which  the  country  was 
ai^tated  at  a  time  when  the  volcanic  operations  were  in 
greater  activity. 

This  may  seem  far-fetched  in  a  country  like  our  own, 
happily  but  little  subject  to  these  convulsions  of  nature; 
but  to  an  American  it  might  appear  an  obvious  allusion,  atf 
Humboldt  remarks,  that  on  the  coast  of  Peru  earthquakes 
are  so  frequent,  that  we  become  as  much  accustomed  to  the 
undulations  of  the  ground,  as  the  sailor  is  to  the  tossings  of 


*  Julius  Obsequens,  who  evidently  alludes  to  the  same  event,  places  it  inlhn 
Consulship  of  ifimilius  Lepidus  and  Aurelius  Orestes,  or  125  years  before 
Christ. 

+  Near  a  century  before  Christ. 

"^  Especially  in  the  following  lines : 

Akka  3  ofctf  vtvatxaf  ts  nut  tcau  cuyMT*  (^uvuf 


1^.68, 


II   AmX/w  }fis  mow  etfixofuff^ ;  tvOa  ^^notttf 
nXwm  tft  wjo-a;.  Odyssey  K. 
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the  sbip,  caused  by  the  motion  of  the  waves.*  As  however 
there  are  no  vestiges  of  any  thing  like  a  crater  in  this  island^ 
it  is  probable  that  these  and  similar  phaenomena  were  de- 
rived for  the  most  part  from  the  Island  of  Volcano,  which 
is  separated  from  it  only  by  a  narrow  channeLt 

This,  which  appears  at  a  period  antecedent  to  the  Chris- 
tian  era  to  have  been  in  a  state  of  activity  at  least  equal  to 
that  of  Stromboli,  still  emits  gaseous  exhalations  from  the 
interior,  as  well  as  from  several  parts  of  the  external  suiikce, 
of  a  crater  situated  on  the  highest  part  of  the  island. 

These  vapours,  acting  upon  the  rock  they  penetrate, 
decompose  it,  and  form  with  its  constituents  large  quantities 
of  alum  and  other  sulphuric  salts. 


*  From  x)ii|',iii£Buacy»  the  idea,  of  certain  contjrasto  fixes  itself  in  our  minds  ; 
-water  appears  to  us  an  element  that  moves ;  earth,  a  motionless  and  inert  mass. 
Theseideasare  the  effect  of  daily  experience;  they  are  connected  with  every 
thingth*t'istrmns»ittJd[to  ns  hy  the  senses.  When  a  shock  is  felt,  when  Ae 
earth  is  shaken  on  its  old  foundations)  which  we  had  deemed  so  stable,  ooe 
instant  is  soiBcient  to  destroy  long  illusions*  It  is  like  awakening  firom  a 
dream;  but  a  painful  awakening.  We  feel,  that  we  have  been  deceived  by 
the  apparent  calm  of  nature ;  we  become  attentive  to  the  least  noise,  we  mis- 
trust  for  the  first  time  a  soil,  on  which  we  had  so  long  placed  our  feet  with 
confidence^  .  If  the.  shocks  be  lepeated,  if  they  become  frequent  during  succes- 
sive days,  the  uncertainty  quickly  disappears.  In  1784  the  inhabitanta  of 
Mexico  were  accustomed  to  hear  the  thunder  roll  beneath  their  feet,  as  we  are 
to  witness  it  in  the  region  of  the  clouds.  Confidence  easily  springs  up  in  the 
-  honan  breast,  and  we  end  {by  accustoming  ourselves  on  the  coast,  of  Peru  to 
the  undulations  of  the  ground,  like  the  sailors  to  the  tossings  of  the  ship,  caused 
by  the  motion  of  the  waves.    Humboldt's  Pers.  Narrative,  vol.  3.  p.  321. 

"f  We  may  collect  from  the  old  chrenicles,  that  the  last  indication  of  volcanic 
agiency  in  lipari  took  place  about  the  sixth  century^  for  we  are  told  that  St. 
Calogero,  the  patron  of  the  island,  put  to  flight  the  Devils,  which,  like  the 
Typhon  of  old,  inhabited  the  recesses  of  the  island,  and  that  the  latter  first  took 
refuge  under  the  mountain  jfrom  whence  the  warm  springs  issue,  but  being 
driven  from  thence  repaired  to  Vulcanello,  and  finally  were  chased  into  the 
crater  of  Vulcano.  Later  writers  always  speak  of.  the  flames  of  Lipari  as 
extinct.    See  Dolomieu  sur  les  lies  de  Lipari,  p.  71. 
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The  process  is  somewhat  different  from  that  which  tabes 
place  at  the  Solfatara,  since  the  vapour  liere^  consists  of 
sulphurous  acid,  there  of  sulphuretted  hydrogen^  as  I  as- 
certained by  procuring  portions  of  the  condensed   vapour 
from  either  source. 

The  ultimate  *  result  however  in  both  instances  is  the 
same,  the  compounds  arising  from  the  union  of  this  acid 
with  the  earths  contained  in  the  rock,  with  which  it  comes 
into  contact,  being  all  ultimately  resolved  into  sulphuric 

salts. 

__      ■  ■  .  .   .  ■ 

There  is  one  product  however  that  seems  peculi^  to  this 
volcano,  or  at  least  has  not  been  found  belonging  to  any 
other  in  the  south  of  Italy.  I  mean  the  boracic  acid^  which 
lines  the  sides  of  the  cavities  in  beautiful  white  silky  crystals, 
and  combined,  it  is  said,  with  ammonia. 

Ammonia  is  likewise  found  united  with  muriatic  acid,'  or 
in  the  form  of  sal  ammoniac;  its  production  I  have  at- 
tempted to  explain  when  speaking  of  it^  occurrence  und^r 
similar  circumstances  at  the  Solfatara. 

In  a  mixture  of  this  salt  with  sulphur,  Stromeyer  has  lateh 
detected  the  presence  of  selenium.*  It  is  probably  sub- 
limed in  combination  with  hydrogen,  just  as  the  sulphur 
and  arsenic  which  accompanies  it  are  supposed  to  be. 

The  operations  of  this  volcano  appear  to  be  going  on  with 
much  greater  vigour  than  those  of  the  Solfatara^  and  exhibit 
perhaps  the  nearest  approximation  to  a  state  of  activity, 
during  which  a  descent  into  the  crater  would  haive  been 
practicable. 

Nor  can  I  imagine  a  spectacle  of  more  solemn  grandeur 
than  that  presented  in  its  interior,  or  conceive  a  spot  better 
calculated  to  excite  in  a  superstitious  age  that  religious  awe 

*  See,  for  a  full  account  of  this  discovery,  the  Gottingen  G^Iehrte  Anieigtii 
for  February,  1825.    The  English  Journals  contain  an  abridgment. 
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Vhich  caused  the  island  to  be  considered  sacred  to  Vulcan, 
cMid  the  various  cayems  below  as  the  peculiar  residence  of 
the  God. 

Quam  suliter,  specus,  et  Cyclopum  exesa  caminb 
Antra  Etnea  tooaat,  validique  in^uclilms  ictus 
Auditi  referunt  gemitum,  striduntqae  cavemis 
Stricturie  Cbalybum,  et  fornacibus  ignis  anhelat, 
Yulcaai  domuset  Vulcania  nomine  tellus. 

To  me.  I  confess,  the  united  effect  of  the  silence  and  soli- 
tude  of  the  spot,  the  depth  of  the  internal  cavity,  its  pre- 
cipitous and  overhanging  sides,  and  the  dense  sulphureous 
smoke,  which,  issuing  from  all  the  crevices,  throws  a  gloom 
over  every  object,  proved  more  impressive  than  the  view  of 
the  reiterated  explosions  of  Stromboli,  contemplated  from  a 
distance,  and  in  open  day. 

Close  to  Vulcano,  is  an  isolated  rock  called  Vulcanello, 
which,  though  without  a  crater,  emits  from  its  crevices 
vapours  of  a  sulphureous  nature,  a  feeble  remnant  of  the 
volcanic  action,  by  which  it  was  formerly  itself  thrown  up 
from  the  bosom  of  the  sea.  It  is  probable,  at  least,  that  it 
is  to  this  event  that  Aristotle*  refers,  when  he  states  that  in 
the  Island  of  Volcano  part  of  the  ground  swelled  up,  and 
rose  vrith  a  noise  into  the  form  of  an  hillock,  which  burst 
and  gave  vent  to  a  great  quantity  of  air,  carrying  along  with 
it  flame  and  ashes,  the  latter  in  sufficient  quantity  to  cover 
all  the  town  of  Lipari. 

The  time  at  which  this  event  happened,  seems  to  be  fixed 
by  other  writers,  for  ttinyt    mentions   an  island   which 

♦  Vide  Aristot-  ifigi  Mtrtcif^m,  Lib-  2.  c.  viii. 

-^  Ante  HOB  et  juxta  ItaHam  inter  .^EoUas  insula*,  item  juxta  Cretam  emenit 
^  mari  M.M.  D.  passu um  cum  calidis  fontibus,  al^a  Olympiadis  CLXIII  anno 
tertio  in  Tusco  sinu ;  flagrans  h»c  violento  cunonttu.    Pliny^  lib.  2.  c.  87. 
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emerged  from  the  sea  among  the  Lipari  Islands,  in  the  144ih 
Olympiad,  or  about  200  years  before  Christ,  ^vhilst  Orosiufli 
fixes  the  event  as  happening  in  the  Consulship  of  Marcellus 
and  Labeo,  which  answers  to  the  year  182  B.  C* 

Whichever  of  these  dates  be  preferred,  it  is  equally  clear 
that  the  island  now  called  Volcano  cannot  have  been 
referred  to,  for  Thucydides,  who  flourished  at  least  four 
hundred  years  before  Christ,  mentions  Hiera  ( Vulcano)  as 
being  cultivated^  which  implies  that  a  certain  time  had 
elapsed  since  its  production.t  It  is  probable  therefore,  that 
the  rock  which  Aristotle  states  as  having  been  thrown  up 
from  the  sea,  was  that  now  called  Vulcanello,  \<rhich  lies  at 
a  short  distance  from  Vulcano. 

The  Lipari  Islands  are  so  placed  with  reference  to  Naples 
and  Sicily,  that  they  seem  to  form  a  link  between  the  two 
countries,  whence  some  have  inferred  that  a  subterranean 
communication  passes  through  them,  extending  from  Etna- 
to  Vesuvius.  It  would  be  necessary  however  to  shew  in  a 
more  satisfactory  manner  than  has  hitherto  been  done,  that 
the  condition  of  any  one  of  these  volcanos  is  influenced  by 
that  of  the  rest,  before  we  venture  to  adopt  any  such  opi- 
nion ;:j:  at  present  I  shall  content  myself  with  pointing  out 
by  a  detail  of  the  structure  of  Sicily,  so  far  as  the  latter  is 
connected  with  the  present  subject,  what  degree   of  resem- 

*  Orosius,  lib.  4,  c.  20. 

\  Km  ot  (A^v   if   ItxMXtot  aO^vxios   xxt    Pftytfoty    rov   otvTop    ^ttfjutmf^ 

tptaxofra  fotvart  ar^xrivovarti  nti  tat  AtoXw  roarevs  KoXovfjt^wovf,      wpuwrcu 

^ff  Atfra^atot  avras^  Kvi^tuit  otiTotyLoi   oyrff,  otxovat  oh  fMtec   tuw    vnvut  otf 

fA^atXn^  Koikiiroti  ^s  Aiiroc^x,     rots  ^t  aXKots  ex  rotvms  o^fAej/jLtfot  yHif^yovffty 

Ai^vfA%iff  xat  Zr^oyyvXiof^  icxt  le^ay.      fOfjt.t(^ov(Tt  ot  ot  exe<yi9  ecvO^uwotj  t9  rn 

It^ft  6fs  H^ac/7ro5-  KocXxivny  on  rytv  vvktoc  ^atvsract  w^  ona^i^ova-at  «noAv,  ntu 

Tnf  vifAi^otv  Kafrvov.     Thuc,  lib.  3.  c  88* 

J  See  the  Chronological  Table  of  the  eruptions  of  Etna  and  Vesuvius)  ap^ 
pended  to  this  Lecture. 
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blatiiJe  may  subsist  between  the  volcanic  phaenomena  of  that 
island  and  those  of  Naples.* 

Nearly  all  the  central  portion  of  Sicily  is  occupied  by  a> 
vast  deposit  of  blue  clay  or  marl,  in  which  are  contained: 
numerous  and  thick  beds  of  selenite  and  gypsum,  of  commdn 
salt,  of  sulphur,  of  combinations  of  that  mineral  w^ith  iron 
and  copper,  and  of  the  sulphuric  acid  vtrith  most  of  the 
earthy  bases.  The  crystals  of  sulphate  of  strontian  found  in 
the  sulphur  mines  are  unrivalled  for  their  beauty ;  and  are 
intermixed  with  those  of  sulphur,  which  occur  lining  the 
fissures,  often,  in  large  and  regular  octaedra.  The  latter 
mineral  is  always  of  a  bright  yellow,  and  never  of  that  liver 
colour  which  occurs  in  some  other  localities,  a  distinction 
worth  attending  to,  as  Brocchi+  conceives  that  all  sulphurs 
of  the  former  description  have  undergone  sublimation.  The 
sulphate  of  lime  occurs  lining  the  fissures  in  beautiful  and 
regular  crystals,  but,  when  it  is  met  with  in. beds,  it  is  fre* 
quently  found  in  large  transparent  plates,  nearly  a  foot  in 
length,  and  si;^  or  eight  inches  in  breadth,  which  seem  to  be 
the  result  of  an  irregular  crystallization. 

This  blue  clay  deposit  is  associated  with  beds  of  white 
calcareous  marl,  and  of  a  calcareous  conglomerate  which 
becomes  more  abundant  as  we  proceed  south,  and  is  there 
accompanied  likewise  with  beds  of  limestone  without,  any 
brecciated  structure. 

The  formation,  it  may  also  be  remarked,  contains  all  the 
substances  that  are  at  present  sublimed 'from  volcanos  in 
activity.  The  sulphur,  the  various  sulphuric  salts,  the  mu- 
riate of  soda,  are  products  found  equally  at  Etna,  at  Vesu- 
vius, and  at  the  Solfatara,  so  that  if  it  were  once  established 
that  the  rock  itself  rested  upon  a  volcanic  formation,  we 
might  suppose  its  imbedded  minerals  to  have  been  produced, 
like  those  in  the  craters  of  existing  volcanos,  by  exhalations 
from  beneath. 

•  See,  for  a  more  detailed  account  of  the  Gcol  jgy  of  Sicily,  my  Memoir  in- 
serted in  Jameson^s  Journal,  vol.  xiii. 

+  Concliiol.  sula^p.  p.  67. 
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Tim  too  would  Krctmni  iin  Hat: 
moD  amim^  lertiuni  ruck^  ir  pxtsrali  :  £ar 
cu9t  uf  tike  JLaitl'  di  Suliuani  bob*  ^ 
aniT"**^  vUl  Bin  iiTf  in  «i]}^iiffBiiiff 

It  would  be  pnenHKiDe  humimA  to 
arigin  of  ihk  ibrnuaiim.  undl  j& 
tttined ;  and  I  vxusl  cod&k  tbaa,  I  hmvs  not  boBB  jUb  1i 
Bttisfir  iD\Hielf  wiiL  i&spfsa  Uf  tlie  «*^»*"»*  an  iidudi  It  a 
incumbezn. 

There  if  one  piiKocimenDii  conmermd  -wifb.  d^  SHMii 
luBLunr  uTilie  blue  ci^j  fumufiiLiQ,  wliich  hjij^wmi*.  to  iKif 
precti'  commcm  oc-currenct.  iv/r  h  hw  been 
BTvend  psfifi  of  Skcilj.  mid  likfiriBE'  in  ibe 
tkat  cxxniTE  at  iht  foot  of  tbr  AjipfanuBeft.* 
posed  rmrmhlnnnr  lo  the  cngKJoa  o£  m  Kntwi^ 
it  las  ubudned  de  name  cf  a  llnd  cr  Air  Volcmo, 
perhaps  it  bas  no  mor&iirlii  id  Fuck  a  name;,  than  die 
cf  products  cfeLiied  pbeado-Toiic&nic  Itiare  to  an 
viiich  pLaoes  tLem  in  connection  widi  tbe  en^KMBB  af  a 
g«nuix^  volcaii'j.  I  fTcaininpd  the  niost  remankable  caaeaf 
tjbis  kindL  vhldb  ol-cuts  at  the  inH  of  Macaloba.i*  aev 
GireeDti.  in  a  counur  frillT  changed 


inflaJOBLBHibie  mlDenus.  Harin^  reacbesd  die  «uiiimh^  of  ^ 
lull,  1  fouiMi  ihe  simfaoe  ccfwered  wiih  diy  ciacw^  in 
were  a  number  of  smsll  cnOier-sLi^xd  caiities  £Ilei 
water,  mixed  witli  mod  and  biimnen.  soznewiiax  abofe  Ac 
uatumi  iempecatuie.  and  dideni:a£ing  fiom  time  to  dae 
bubbles  of  gas.  which  I  asoeruuned  to  coosia  of 
acid  and  carburetted  hTdrosen  gases.    These  little 


*  At  neu- M  odraau 

f  V^iaxt  in  Li*  Plm-dso,  probed  !t  &lla^  to  til*  pii 
««  Uke  torrest  c<f  mud  wL^ii  i*  n  Sic;.\.~  Ferr.  C.  Piu^.  47.  VcaBaf 
pcNnu  out  •  cunonfr  azAJog}'  of  liiajt  tftw  eea  iliis  spM  uni  cmt  near  t^  DMi 
|f#4,  wL*rn:  e  »lzzLi!«j  phc<3aaKr::oL  iz&e*  plue,  mzii  irhk^  b  caUad  ArA  ■! 
Maclub«ii«    Cesc-h.  oer  VCTmntL  p.  247. 
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when  I  visited  the  spot,  weif^  in  a  state  of  companuiT& 
quiescence,  but  it  is  said  that  at  times  the  process  goes  oa 
with  cotisiderable  energy,  fot*  the  mud  has  been  known  to 
rise  to  Ae  height  of  200  feet,  accompanied  With  a  strong 
odoitf  t)f  sulphur, 

I  cannot  help  ima^ning  that  the  whole  of  these  phae- 
nomena  may  be  explained  by  the  slow  combustion  of  beds 
of  sulphur,  which  is  fully  ascertained  to  be  going  on  in  ma^y 
parts  of  the  blue  clay  formation* 

It  is  not  long  since  the  proprietor  of  some  land  in  the 
interior  congratulated  himself  o^  his  good  fortune,  in  being 
able  to  collect  a  large  supply  of  sutphnr  already  piirified,  by 
merely  placitig  vessels  to  receite  a  iltr^m  of  that  substance^ 
which  wajs  constantly  issuing  fi-om  the  side  of  a  hili.  This 
Was  occasioned  by  a  bed  of  sulphur  in  die  interior  of  the 
kiouhtain  having  caught  fit^,  and  the  heat  generated  by  the 
Combustion  of  one  portion  serving  to  melt  the  renminderi 
nature  having,  in  this  in^tande,  adopted  the  wasteful  procfess 
employed  from  titqe  iiumemorial  by  the  Sicilians,  for  getting 
rid  of  the  intermixed  clay,  which  consists  simply  in  collect- 
ing the  materials  into  large  heaps,  and  setting  fire  to  them 
on  the  surface,  thus  causing  the  liquefaction  of  one  portion 
by  the  combustion  of  another. 

The  sulphurous  acid  resulting  fn^m  this  process  being 
retained  by  the  moisture  of  the  rock,  and  gradually  con- 
verted into  sulphuric  acid,  would  act  upon  the  calcareous 
particles,  and  give  rise  to  the  extrication  of  carbonic  acid 
gas,  whilst,  if  any  bituminous  matters  were  present,  the  heat 
generated  might  cause  a  slow  decomposition,  and  resolve 
them  into  petroleum  and  carburetted  hydrogen, 

A  continued  stream  of  gas  passing  through  the  rock, 
would  soon  establish  for  itself  a  regular  communication 
with  the  surface,  and  the  same  channel,  when  once  fornped, 
would  afford  the  readiest  means  of  escape  for  any  water^ 
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which,  from  its  existing  at  an  higher  level  on  tiie  adjacent 
hills,  might  have  a  tendency  to  make  its  way  upwards. 

This  water  would  cany  with  it  the  petroleum  which 
resulted  from  the  distillation  of  the  bituminous  matter,  Aid 
would  fill,  in  the  manner  which  we  now  obserye  it  to  do,  the 
little  crater-shaped  cavities  caused  originally  by  the  esc^>e 
of  the  gases. 

In  short  the  rise  of  the  water  to  the  summit  of  the  ar^- 
laceous  hill  of  Macaluba  seems  to  depend  upon  precisely  the 
same  principles  as  the  common  rise  of  springs,  when  we  bore 
through  a  bed  of  clay,  and  penetrate  into  a  porous  stratuia 
underneath,  saturated  with  humidity,  uid  having  its  out- 
goings at  an  higher  level  than  that  of  the  upper  surface  of 
the  aperture.  In  the  case  of  the  hill  of  Macaluba,  the  esc^ 
of  aeriform  fluids  has  done  what  art  eflecis  in  the  case  of  a 
wdl,  and  the  position  of  its  summit,  overtopped,  as  it  is,  by 
the  adjacent  eminences,  is  such,  that  we  may  without  <Uffi- 
culty  suppose  the  relative  height  of  the  springs  in  that  neigh* 
bourhood  to  be  such  as  my  hypothesis  requires. 


Thus  let  2.  be  the  hill  of  Macaluba,  and  I.  be  a  neigh- 
bouring  hill  of  greater  height.     Let  A.  A.  A.  represent  the 
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bed  of  blue  clay,  and  C.  that  portion  of  it  in  which  the 
gaseous  exhalations  originate,  having  a  vent  through  the 
channels  D.  D.  D.  D.  Now  it  is  evident  that  if  the  strfi,- 
tum  B.  B.  be  water-logged,  a  continual  stream  will  pass 
upwards  through  the  above  channels,  until  the  level  of  the 
springs  be  below  the  summit  of  the  hill  of  Macaluba. 

I  confess  that  this  plan  is  hypothetical,  but  as  such  alteri 
nations  of  argillaceous  with  porous  beds  occur  everywhere 
in  this  formation,  it  is  by  no  means  improbable,  that  the 
above  may  be  a  true  representation  of  the  structure  of  the 
country. 

Similar  phaenomena  occur  also  at  Terrapilata,  near  Cal- 
tanisetta,*  and  at  Misterbianco,  near  Catania,  and  I  should 
be  disposed  to  view  in  the  same  light  the  extrications  of 
unrespirable  gas  and  of  petroleum,  which  escape  from  a  lake 
near  Palagonia,  about  20  miles  west  of  Catania.  This  lake 
is  situated  in  the  midst  of  volcanic  rocks,  but  the  latter  are 
not  derived  from  modem  eruptions,  or  accompanied,  in 
their  immediate  neighbourhood  at  least,  by  any  other  indi- 
cations of  present  volcanic  action. 

The  gases  given  out  from  this  lake  appear,  from  Ferrara's 
report,!  to  be  principally  carbonic  acid  and  carburetted 
hydrogen,  which  are  the  same  as  those  of  Macaluba ;  and 
when  I  visited  the  place,  the  water  was  in  a  state  of  violent 
ebullition  in  several  places,  but  especially  from  two  spots 
near  the  centre  of  the  pool.  The  smell  of  Naptha,  from 
which  it  derives  its  name  of  Lago  Naftia,  is  perceived  at  a 
great  distance,  and  this  substance  is  seen  floating  on  the 
surface.  As  at  the  Lacus  Amsanti,  the  gas  given  out  proves 
speedily  fatal  to  animals  that  are  thrown  into  the  lake,  but 

*  See  Bulletin  des  Sciences  for  August,  1825,  p.  406. 

f  Ferrara,  Mcinoria  sopra  il  Lagu  Nattia.    Palenuo,  ISOd. 
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as  its  great  specific  gravity  prevents  its  rising  to  a  height  of 
more  than  three  feet,  it  is  possible  not  only  to  stand  on  its 
borders,  but  even  to  approach  the  spots  fix>m  whence  the 
disengagement  of  gas  takes  place  with  the  greatest  vehem* 
ence. 

The  singular  qualities  possessed  by  the  exhalations  given 
out  from  this  spot  rendered  it  at  a  very  early  period  an 
object  of  popular  veneration,  and  we  may  perhaps  recognise 
in  the  fable  attached  to  it  some  traces  of  its  volcanic  origin« 
It  was  called  the  Fons,  or  Stagnum  Palicorum,  firom  two 
sons  of  Jupiter,  by  the  nymph  Thalia,  the  daughtn*  of 
Vulcan,*  who  was  concealed  by  the  God  from  thie  ven- 
geance of  Juno,  by  being  buried  under  ground,  so  that 
when  the  time  of  her  delivery  was  come,  the  earth  opened 
and  brought  into  the  world  her  two  children,  hence  called 
Palici  Q^  afga  r»  v«Xiy  ixe<7d«<")  because  they  returned  into  the 
world  after  being  buried  under  it.  This  fable  may  perhiqpe 
allude  to  the  first  origin  of  the  gaseous  exhalations  fi-om  two 
apertures,  and  the  worship  paid  to  these  Deities,  the  human 
sacrifices  at  first  offered  up,  the  temple  built  on  the  ^x>t, 
and  the  oracle  that  was  consulted  in  the  sanctuary,  shew  the 
fear  which  had  been  inspired  by  the  noxious  qualities  of 
the  vapour  exhaled. 

The  description  given  by  Ovidt  of  the  Stagnum  Pali- 
corum  so  well  corresponds  with  the  Lago  Naftia,  near 
Palagonia,  that  it  seems  most  probable  that  he  refers  to  this 
very  spot,  though  Virgil  fixes  the  former  rather  nearer  the 
River  Simethus,  than  is  consistent  with  its  actual  position.! 

*  See  Diodorus  Siculus,  lib.  xi.     Stephanas  in  Epit.   Servius,  note  on 
JEneid,  9.  v.  585,  &c. 

t  Perque  lacus  altos  etx)lentta  siilfure  fertur 
Stagna  Palicorum,  rupt&  ferventia  terr4. 

Metamorph.  Lib.  v. 
J  Eductum  Mairis  luco,  Symathia  circuni 
Fluraina :  pinguis  ubi  et  placabilis  ara  Palici. 

^NEiD.  Lib.  ix.  V.  584. 
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South  of  Alicata  we  lose  sight  of  the  blue  clay,  and  find 
ourselves  upon  a  rock  of  a  calcareous  nature,  sometinies 
liomogeneous  in  structure,  at  others  made  up  of  limestone 
pebbles,  imbedde{l  m  a  calcareous  basis.  These  beds  con- 
tinue as  far  as  Cape  Passero,  the  most  southern  point  of  the 
island,  where  they  are  seen  to  rest  upon  a  volcanic  tuflj  con- 
taining fragments  of  a  cellular  lava. 

It  became  theitfore  of  great  importance  to  determine  by 
the  petrifactions  the  age  of  this  limestone.  At  Cape  Paasero 
the  calcareous  rock  contains  madrepores,  numinulilcs,  melo- 
niles,  cypres,  and  that  curious  fossil  called  the  hippuril^ 
which  has  been  described  in  an  early  volume  of  the  Geolo- 
gical Transactions. 

Now,  although  this  latter  petrifaction  has  been  found  in 
the  Island  of  Aix,  which  the  French  geologists  have  set 
down,  perhaps  without  sufficient  reason,  as  belonging  to  the 
chalk  formation,  yet  on  the  other  hand,  the  remaining  shells 
are  such  as  plainly  indicate  a  more  recent  origin.  Admit- 
ting however  that  the  phjenomenrt  presented  by  this  single 
stratum  are  such  as  lead  to  no  certain  conclusion,  the  same 
cannot  be  said  of  the  other  calcareous  beds  belonging  to  the 
same  series,  which  alternate  with  volcanic  rocks  between 
Noto  and  Lentini. 

Among  these  I  have  found  more  unequivocal  proofs  of  a 
recent  origin,  judging  both  from  the  characters  of  the  atone 
itself,  and  from  the  shells  which  it  so  abundantly  contains. 

With  this  view  of  their  origin,  ihe  cellular  texture  of  the 
alternating  beds  of  tuif  and  lava  completely  accords,  and 
the  tenor  of  the  observations  is  altogether  such,  as  enables 
ns  without  hesitation  to  refer  the  whole  to  causes  acting  at 
nearly  the  same  period,  and  under  similar  circumstances 
with  those  to  which  I  have  already  ventured  to  attribute  the 
rocks  of  Hungary,  Slyria,  and  the  Vicentin. 

It  is  almost  needless  to  remark,  that  in  a  volcanic  furma- 
lioii  of  such  an  age  no  craters  can  exist,  although  I  found 
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;such  described  by  recent  and  respectable  authorities.  I 
■purposely  visited  the  Monte  Vennera,  south  of  Lentini, 
where  there  are  said  to  be  traces  of  a  crater,  and  was  re- 
warded, not  by  the  discovery  of  what  I  was  in  search  of^  but 
by  the  opportunity  which  my  excursion  gave  me  of  obtain- 
ing a  good  section  of  the  volcanic  and  calcareous  strata  be- 
tween that  spot  and  Lentini. 

From  the  antient  volcanic  rocks,  let  us  now  proceed  to  an 
■examination  of  the  more  modem.  Although  the  greater 
part  of  the  country,  included  within  the  circumference  of 
Mount  Etna,  would  appear  to  belong  to  a  comparatively 
recent  epoch,  yet  there  are  some  rocks  in  its  vicinity  that 
were  probably  formed  antecedently  to  the  mountain  at  whose 
foot  they  lie.  I  allude  particularly  to  the  Cyclopean  Is- 
lands, with  which  every  classical  reader  is  acquainted,  as 
the  rocks  which  Polyphemus  is  described  by  Homer  as 
hurling  against  the  Bark,  in  which  Ulysses  and  his  crew 
were  taking  their  flight.  These,  though  now  detached, 
must  at  one  period  have  formed  a  connected  stratum,  for 
they  are  covered  with  a  bed  of  marl,  which  seems  evidently 
to  have  been  continuous  from  the  one  to  the  other  of  these 
islands.  This  circumstance,  and  their  general  compactness, 
prove  that  these  formations  took  place  under  the  surface  of 
water. 

The  same  remark  will  probably  apply  to  the  rock  of 
Castello  d'Aci,  on  the  cpast  near  Catania.  It  consists  of  a 
volcanic  breccia,  the  cementing  substance  of  a  sandy  nature; 
the  nodules,  a  cellular  kind  of  lava.  The  latter  however 
are  not  rounded  masses,  but  result  from  a  sort  of  irregular 
crystallization,  most  of  them  possessing  a  radiated  structiire, 
so  that  they  resemble  a  cluster  of  prisms  meeting  in  a  com- 
mon centre.  The  above  stellular  arrangement  is  the  most 
pommon,  but  in  other  cases  the  prisms  have  more  of  a  fan- 
shaped  structure ;  and  in  both  instances,  the  point  towards 
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vvhich  they  converge,  as  >Yell  {|*  ^hejqterstice^  bet.ween  th^m, 
consist  of  tuff.  :i  :  ,  ♦ 

^ .  Nothiag  of  this  kindjs  jadicated  by  the  structure  of  Etna* 
.This  mighty  and  imposing  mountain,  which. ri^e^  i;i  solitary 
grandeur  to  the  height  of  abpve  10^000  feet,  and  embraces  a 
circumference  of  180  miles,  is  entirely  composed .  of  layas, 
which,  whatever  subordinate  differences  may  exist  between 
them,  all  possess  the  appearance  of  having  been  ejected  abpve 
the  surface  of  water,  and  not  under  pressure. 

In  the  structure  of  this  mpuntain,  every  tiling  wears  alike 
fhe  character  of  vastness.  The  products  of  (he  eruptions  of 
.Vesuvii^s  may  be  said  s^lmost  to  sink  into  insignificance, 
when  compared  with  these  coulees,  some  of  which*  are  four 
or  five  miles  in  breadth,  15  in  length,  and  from  50  to  100 
feet  in  thickness,  and  the  changes  made  on  the  coast  by 
them  is  so  considerable,  that  the  natural  boundaries  between 
*the  sea  and  land  seem  almost  to  depend  upon  the  movements 
of  the  volcano. 

..  The  height  too  of  Etna  is  so  great,  that  the  lava  frequently 
■finds  less  resistance  in  piercing  the  flanks  of  the  mountain, 
than  in  rising  to  its  summit,  and  has  in  this  manner  formed 
a  number  of  minor  cones,  many  of  which  possess  their  re- 
spective craters,  and  have  given  rise  to  considerable  streams 
of  lava. 

Hpnpe  an  antient  poet  has  very  happily  termed  this  vol* 
jcano  the  Parent  of  Sicilian  Mountains,t  an  expression 
strictly  applicable  to  the  relation  which  it  bears  to  the  hills 
in  its  immediate  neighbourhood,  all  of  which  have  been 
.formed  by  successive  ejections  of  matter  from  its  interior. 

The  grandest  and  most  original  feature  indeed  in  the 
physiognomy  of  Etna,  is  the  zone  of  subordinate  volcanic 
liills  with  which  it  is  encompassed,  and  which  look  like  a 
jcourt  of  subaltern  princes  waiting  upon  their  sovereign, 

.    •  Such,  according  to  Ferrara,  (Desc.  dell  Etna,  p.  200)  is  the  case  with  ti|at 
of  1669,  whicb.Borelli  calculated  as  contaniing  93,838,950  cubic  f^et. 
t   4^tKfXa¥  o^tm  (AXTif.*    Euripides  in  Tioac|ibus, 
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Of  these,  some  mre  coyered  with  y^tation,  othetB  an^ 
bare  and  arid,  their  relatiye  antiquity  being  probably  dt* 
noted  by  the  progress  yegetation  has  made  upon  their  sur- 
fiice,  and  the  extraordinary  difference  that  exists  ih  ibis 
l^eq^ect  seems  to  indicate,  that  the  mountain,  to  which  thq^ 
owe  their  origin,  must  haye  been  in  a  state  of  actiyillj,  if 
hot  at  a  period  antecedent  to  the  commencement  of  the  pre^ 
sent  order  of  things,  at  least  at  a  distance  of  time  exceeding* 
ly  remote. 

It  must  be  remarked  howeyer,  that  the  time  which  it 
takes  to  bring  a  yolcanic  mountain  or  a  stream  of  laya  inte 
cuitiyation  is  yery  yariable,*  and  that  the  prqfipress  is  gene- 

*  This  will  appear  from  the  ibllowing  Btatement  of  the  oondittott  of  a  (^ 
«f  the  lavas  of  Vesuvius,  which  I  examined  widi  reference  to  this  qtestioa 
IB  1823. 

Ijiva  of  1551. — Fossa  de  Gaetano.  -  Much  decomposed.    Ueatks  grow  upoa 

it,  and  vines  begin  to  be  planted. 

-<— —  1737. — ^But  little  decomposed.     Moss  alone  grows  on  it. 

'"■  1760. — ^Near  the  hill  of  the  Camalduli.    Still  unfit  for  vegetation. 

Surface  however  whitened  and  crumbly,  owing  to  dec(Hnp»> 
sition,  which  has  proceeded  farther  than  in  that  of  1737. 
-  1771. — Colour  grey,  moss  grows  upon  it,  but  no  heath. 

1785. — Fossa  di  Sventurato.    Lava  still  quite  hard  and  Toogh. 

■'  1794. — Fossa  di  Cucazzello.    Surface  much  decomposed,  moss  grows 

upon  it,  and  a  few  heaths,  but  no  trees  or  shrubs.  It  is  to  be 
observed,  that  even  the  latter  are  met  with  on  the  surface  of 
the  crater  from  which  this  lava  flowed,  and  which  was 
formed  by  heaps  of  scoriee  ejected  at  the  same  tinde.  A  proof 
of  what  I  have  asserted  in  the  text  with  respect  to  the  ibon 
rapid  decomposition  of  loose  ashes  than  of  abed  of  lava* 

■  1805. — Fossa  del  Noce.     Colour  very  white ;  no  moss  appears  to  grow 

upon  it,  but,  being  covered  with  the  loose  scorisa  of  later 
eruptions,  it  has  trees  growing  upon  it  in  a  few  paita. 

.  1810. — Colour  grey,  surface  rough,  though  somewhat  decomposed; 

moss  grows  upon  it,  but  no  heaths  or  trees  are  seen,  except 
in  one  part  where  it  is  covered  with  cinders. 

— — —  1822. — Colour  black,  surface  -very  rough  and  irregular,  no  moss  as  yet 

to  be  seen. 
It  will  be  seen  that  many  of  these  lavas  are  in  a  more  forward  state  than 

that  of  Ischia,  which  flowed  in  1302,  more  than  200  years  before. 
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illy  more  rapid  in  a  cone  composed  of  finely  comminuted 

iders,  than  in  a  stream  of  lava,  which  consists  of  an  hard 
glossy  substance,  that  yields  but  slowly  to  the  causes  of 
decomposition. 

There  is  nothing  I  believe  in  the  nature  of  lava,  chemi- 
cally speaking,  injurious  to  vegetation;  but  mechanically 
the  hard  surface  it  presents  proves  an  effectual  preventative, 
as  it  gives  no  support  or  nidus  to  the  lender  shoots,  and 
from  its  porosity  often  carries  off  all  the  moisture  that 
descends  upon  its  surface.  Thus  near  Clermont,  in  Au- 
vergne,  scarcely  a  drop  of  water  is  to  be  found  in  the  whole 
of  the  volcanic  district  which  overhangs  the  town,  but  the 
watere  collected  at  the  bottom  of  ihe  formation  gush  out  in 
the  valley  of  Royat  beneath  with  such  force  and  copiousness, 
as  to  turn  immediately  several  mills. 

From  these  causes  the  surface  of  a  Stream  of  lava  must 
always  require  a  long  period  to  bring  it  into  cultivation, 
unless  as  has  been  done  by  the  Prince  of  Biscari  in  his 
garden  at  Catania,  the  surface  is  covered  with  artificial  soil, 
or  what  comes  to  the  same  thing,  a  shower  of  volcanic  aahea 
has  overspread  it  of  a  nature  sufficiently  argillaceous  to  im- 
bibe moisture,  and  to  form  a  sort  uf  mould. 

Under  these  circumstances  I  naturally  felt  a  desire  to 
verify  an  observation  reported  by  Brydone  on  the  authority 
of  the  Canon  Recupero,  which  might  render  us  suspicious 
of  the  correctness  of  our  received  chronologies.  This  writer 
after  giving  an  instance  of  a  lava,  the  date  of  which  he  says 
goes  back  to  the  time  of  the  second  Punic  war,*  proceeds 
to  state  tlmt  at  Aci  Reale  +  we  see  seven  such  beds  super- 


1*  Tbe  Teal  dale  of  thJB  eummt  wu  mora 
Ihe  eliier  Diouysiui  tyrant  at  Eyracme.—  Vide  infra. 
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+  The  fotloning  a  the  passage  to  w 
now  Ihirly  feel  below  ground,  and  Wa: 
m  draw-well,  where  there  are  several 
.luderable  thicknesa  over  the  aurface  of  ei 


For  if  it  requireti  two  thoutand  j  oe 


^h  I  ren^r: — Near  to  a  TBult,  which 
mbably  been  a  burial  place,  there 
[rata  of  lavaa,  with  earth  Id  a  con- 
I  niralum.  Recnpero  has  made  iiite 
L  Bnlii]Uity  of  ihe  eruptions  of  Ills 
upwardi,  ro  form  bul  a 
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imposed  one  on  the  other,  each  of  which  hasvita  snrfacer 
throroughly  decomposed,  ^and  converted  into  rich  vegetable:- 
mould. 

Now  if  a  single  bed  of  lava  has  continued  for  more  thany 
£000  yeacs  without  experiencing  this  alteration,  what  a  lapte 
of  time  must  it  have  required  to  reduce  seven  successive^ 
beds  of  the  same  material  into  a  state  of  such  complete: 
decomposition. 

Although  I  have  no  reason  to  doubt,  that  Brydone  re-f 
ceived  from  Recupero  the  observation  on  which  he  grounds* 
his  inferences,  I  think  it  most  probable  that  the  conclusion :' 
itself  was  in  reality  his  own,  though  he  perhaps  thought  it » 
would  sound  more  piquant^  if  put  into  the  mouth  of  the- 
Canoti,  whose  scientific  knowledge  he  seems  willing  to  eiialt* 
at  the  expense  of  his  orthodoxy.  In  reality  however  ihhi 
good  priest  appears  to  have  enjoyed  in  both:  respects  a 
reputation  which  he  very  little  deserved ;  the  reports  of; 
Dolomieu*  and  other  really  scientific  travellers  make  him' 
out  to  have  been  a  man  of  but  slender  philosophical  attain-* 
thents,  but  as  one  who  at  least  was  free  from  all  imputation  of 
scepticism.  It  is  curious  nevertheless,  that  another  foreigner 
has  stated,  as  an  instance  of  the  intolerant  spirit  prevailing. 

scanty  soil  on  the  surface  of  a  lava,  there  must  have  been  more   than   that- 
space  of  time  betwixt  each  of  the  eruptions  which  have  formed  these  strata. 

But  what  shall  we  say  of  a  pit  they  sunk  near  to  Jaci,ofagreat  depth.  They 
pierced  through  seven  disitinct  lavas,  one  under  the  other,   the  surfaces  of 
which  were  parallel,  and  most  of  them  covered  with  a  thick  bed  of  rich  earth*. 
'*  Now,"  says  he,  "  the  eruption  which  formed  the  lowest  of  these  lavas,  if  we. 
may  be  allowed  to  reason  from  analogy,  must  have  flowed  from  the  mountain  at 
least  14,000  years  ago.     Recupero  tells  me  he  is  exceedingly  embarrassed,  by* 
these  discoveries,  in  writing  the  history  of  the  mountain ;  that  Moses  hangs  like  a 
dead  weight  upon  him,  and  blunts  all  his  zeal  for  inquiry,  for  he  really  Has 
not  the  conscience  to  make  his  mountain  so  young  as  that  prophet  makes  the* 
world.     The  bishop,  who  is  strenuously  orthodox — for  its  an  excellent  see — 
has  already  warned  him  to  be  upon  his  guard,  and  not  pretend  to  be  a  better 
historian  than   Mose<>;  nor  to  presume  to  urge  anything  that  may,  in  the 
smallest  degree,  be  deemed  contradictory  to  his  sacred  authority." 

Brydone's  Tour  in  Sicily.    Vol.  I.  p.  140. 

•  See  Dolomieu  sur  les  lies  Ponces,  p.  470. 
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in  the  country  in  which  he  lived,  that  the  poor  Abbe  was 
thrown  into  prison  for  his  religioua  opinions,  ahhough  the 
truth  appears  to  have  been,  that  the  reports  circulated  in  his 
favour  by  Brydone,  Borch,  and  others,  induced  the  Neapo- 
litan government  to  grant  him  a  pension  on  the  score  of  his 
scieniific  deserts.  Indeed  the  only  annoyance,  it  is  said,  he 
ever  experienced  in  consequence  of  his  imagined  discovery, 
was  the  being  informed  that  certain  foreigners  to  whom  he 
communicated  his  observation,  not  content  with  wresting  it 
to  a  purpose  of  which  he  had  never  dreamt,  had  given  him 
credit  for  the  inferences,  which  they  had  chosen  to  deduce 
from  it  themselves. 

The  fact  nevertheless  reported  by  Brydone  obtained  a. 
currency  proportionate  to  the  popularity  vrhich  his  work 
enjoyed,  and  the  heterodox  conclusion  excited  at  the 
time  no  slight  degree  of  consternation  among  divines.  Il 
was  generally  combated,  by  remarking  the  great  variableness 
as  to  the  period  which  a  bed  of  lava  will  take  to  undergo 
decomposition,  and  even  Spallanzani,  though  he  visited 
Sicily,  seems  to  have  contented  himself  vrith  pointing  out 
instances,  in  which  newer  beds  of  lava  have  taken  the  start 
of  older  ones  in  their  progress  towards  cultivation.* 

I  was  therefore  not  alitde  surprised,  when  on  visiting  the 
celebrated  spot  of  the  Abbe'M  observation,  I  found  that  the 
beds  of  vegetable  mould,  which  proved  according  to  Bi'y- 
done  the  degree  to  which  the  decoinposilion  of  the  lava  had 
extended,  were  in  reality  nothing  more  nor  less  than  beds  of 
a  ferruginous  tuffj  formed  probably  at  the  very  period  of  the 
flowing  of  the  lava,  and  originating  perhaps  from  a  shower 
of  ashes  that  immediately  succeeded  its  eruption.  It  is  true 
that  the  cliff,  which  exhibits  a  section  of  these  lava  beds 
with  interposed  tuff,  shews  also  the  greater  facility  with 
which  the  latter  has  yielded  to  the  action  of  the  elements, 
as  the  bare  and  mural  precipices  presented  by  tlie  lava  are 
"  a  contrast  with  the  gentler  slope  of  ihc  bods  of  tuflj  which 


*  Voyage  dttiiB  1e9  deuK  Siciles.  Vul.  I.  I.  7. 
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afford  a  soil  sufficient  for  the  hardy  cactus,  and  ia  some 
places  e?en  for  the  vine.  Still  there  is  not  tl\e  slightest 
evidence  that  the  decomposition  exists  internally,  or  that  ii 
had  taken  place  in  any  one  instance  before  the  superia- 
cumbent  bed  of  lava  was  deposited. 

Even  had  the  tuff  in  question  been  in  reality  'vegetable 
miQuldj  the  validity  of  Mr.  Brydone's  conclusion  m^ht  v^ 
easily  be  disputed,  for  I  think  it  cannot  be  shewn  that  any 
one  of  the  beds,  of  which  the  cliff  of  Jaci  Reale  exposes  a 
section,  are  of  post-diluvial  CMigin ;  so  abrupt  and  lofty  a 
face  of  rock  would  hardly  have  been  cut  by  processes  now  in 
operation,  but  may  be  attributed  with  more  probability  to 
the  cause  which  last  reduced  our  continents  to  their  exist- 
ii^  foi*m. 

If  we  examine  too  the  characters  of  these  beds,  we  shall 
^d  them  sufficiently  distinguished  by  their  greater  €<hq« 
pactness  and  stony  aspect  from  modem  lavas,  whilst  the 
general  correspondence  in  mineralogical  characters  that 
exists  between  them  all  affords  a  strong  presumption  of  their 
having  been  produced  about  the  same  period. 

But  it  is  useless  to  multiply  proofs  of  the  fallacy  of  Mr. 
Brydone's  statement,  and  the  only  circumstance  that  needs 
surprise  us  is,  that  thirty  years  should  have  elapsed,  without 
any  traveller  having  visited  the  spot  with  the  view  of  ascer- 
taining the  correctness  of  the  observation. 

Should  the  high  antiquity  I  have  assigned  to  this  volcano 
be  questioned,  I  may  remark  that  there  are  vallies  on  the 
slope  of  the  mountain  which  appeared  to  me  too  consider- 
able to  be  the  result  of  torrents,  and  that  among  the  diluvial 
matter  at  its  foot,  I  have  found  rolled  masses  of  cellular  as 
well  as  compact  lava ;  the  presence  of  the  former  seeming  to 
prove  that  the  volcano  was  in  activity  at  some  period  inter- 
mediate between  the  general  retreat  of  the  ocean,  and  the 
event  which  formed  the  vallies,  and  reduced  the  fragments 
of  rock  detached  to  the  rounded  condition  in  which  we 
observe  them. 
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The  silence  of  Homer  on  tlie  subject  of  the  eruptions  of 
Etna  is  indeed  often  quoted  in  proof  of  the  more  modem 
date  of  this  volcano;*  but  to  such  negative  evidence  wfe 
have  to  oppose  the  positive  statentent  of  Diodorus  Siculus^t 
who  notices  an  eruption  long  anterior  to  the  age  of  this 
poet,  as  he  says.that  the  Sicani,  who  with  the  exception  of 
the  &bulou£  Cyclops .;]:  and  Lestrigons^  were  the  finftC  in* 
Jiabitants  c^.the  island,  and  who  are  admitted  on  all  sides  t6 
have  p6ssessed.it  considerably  before  the  Trojan  war,  de- 
serted the  neighbourhood  of  Mount  Etna  in  consequence  of 
the  terror  caused  by  the  eruptions  of  the  volcano. 

This  is  confirmed  by  Dionysius  Halicamassus,  who  states 
that  the  Siculi,  ||  who  passed  over  from  Magna  Graecia  about 
eighty  years  before  the  Trojan  war,  first  took  possession  of 
that  part  of  the  island  which  had  been  deserted  by  the 
Sicanians,  so  that  it  is. probable  that  the  mountain  was  at 
that  period  tolerably  tranquil,  and  si4)posing  no  eruption 
to  have  taken  place  from  that  time  till  the  age  of  Homer,  it 
is  by  no  means  unlikely,  that  in  a  barbarous  age,  the  tradi- 
tion of  events  so  remote  may  have  been  in  great  measure 
effiiced,  and  thus  have  never  reached  the  ears  of  the  Greek 
poet. 

The  earliest  historian  by  whom  the  volcano  has  been 
noticed  is  Thucydides,  who  says,  that  up  to  the  date  of  the 

*  It  is  true  that  the  fire  of  Etna  is  aljiuded  to  in  the  poepas  attributed  to 
Orpheus,  which  some  have  supposed  as  antient  as  the  time  of  Pisistratus,  half 
a  century  at  least  before  the  age  of  Pindar:  these  poems  however  are  in  general 
referred  to  a  much  later  period. 

+  Lib.  V. 

X  Fazzello  Decad,  lib.  1.  1.  vi.  tells  some  wonderful  stories  of  the  bones 
and  teeth  of  these  giants. being  discovered  in  caverns  in  the  limestone  of  Tre- 
pani,  Palermo^  &c.  which,  if -examined  by  some  skilful  anatomist  of  the  present 
day,  would  probably  be  found  to  be  the  remains  of  elephants  and  other  large 
animals,  and  might  supply  my  friend  Professor  Buckland  with  another  chapter 
for  his  ReliquisB  Diluvianae. 

•     I  Dion.  Ha!.  Lib.  I.    There  is  great  uncertainty  however  respecting  the 

daU  of  this  event.   Cluverius  places  .it  148  years  after  the  taking  of  Troy 

(Sicilia  antiqua,  p.  29.),  but  Thucydides  ei^pressly   says.   Lib.  6,  tliat  the 

Sieuli  came  over  SOO  years  before  the  Greeks,  who  were  driveu  to  Sicily  by  a 

tempest  on  their  return  from  Troy. 

O 
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Peloponnewan  war,  wUcb  oopinienced  in  die  year  491  B.C. 
three  eraptions  had  tab|a.*place  from  Mount  Etna,  since 
Sicily  waa  peopled  by  theGteeka.  It  is  probably  to  one  of 
these  that  Pindar  has  alluded  in  his  1st  Pythian  Od^^ 
written  according  to  Heyn£  in  consequ^ice  of  the  Ticlorf 
obtained  by  Hiero  in  the  year  470  B.C*  It  maybeie- 
marii:ed  that  this  poet  particularly  speaks  of  the  stieiams  of 
lava,  whidi,  if  we  may  judge  frooL  Vesuvius,  are  leas  uaual 
concomitants  of  the  first  eruptions  of  a  Tolcano.t 

•  •       • 

To0  9v^'  ctyfrarm 
.  .Ek  yMyyt  waym  worayMt 

Diodorus  Siculus  j:  mentions  an  eruption  subsequent  to 
the  above,  namely  in  the  96th  Oly mp.  or  996  yean  B.  C. 

*  .£8chylu8  as  well  as  Pindar,  alludes  to  the  confinement  of  Typhon-trnder 
the  Island  of  Sicily,  and  to  the  volcanic  eniptions  arising  from  his  presence* 

« 

Katreti  vmuvov  vKhitiov  GaKao'aiov 
Iwom^aMf  gt^fictv  AtrvMous  wo. 
Kofvfaus  ^iv  ax^ais  ^/jLtvos  (M^fOKrvTrtt 
H^euaroSy  ndrv  ncfoyniaovrat  wore 
norofMt  Tfv^ofj  ^eevrorrts  ay^taus  yvaJ^is 
Txs  xaXXtKx^ov  ZixxXixs  ><iv^as  yvas  * 

Prometheus,  line  SSS. 

It  may  be  remarked  that  this  poet  speaks  of  the  volcanic  phsenomena  as  to 
happen  at  some  time  subsequent  to  that  at  which  the  incidents  of  the  play  are 
supposed  to  take  place,  and  as  being,  at  the  period  to  which  he  refersy  oiJy  in 
preparation. 

+  In  case  any  doubts  should  exist  respecting  the  interpretation  of  this 
passage,  it  may  be  remarked  that  the  existence  of  a  stream  of  lava  is  more 
distinctly  expressed  by  Thucydides,  whose  words  are :  'f fvif  vsf  i  aatro  ro  m( 
rovro  6  ftf«|  t»  irv^os  tx.  nfis  Atrvots*     L.  3 116. 

i   Lib.  14. 


i 
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which  stopped  ibe  Cartbaginiin  army  in  their  march  against 
Syracuse.  The  stream  may  be  Been  on  the  eastern  slope  of 
the  mountain  near  Giarre,  extendiiig  over  abreadth  of  more 
than  two  miles,  and  having  a  length  of  twenty -four  from  the 
summit  of  the  mountain  to  its  final  termination  in  ihe  sea. 
The  spot  in  question  is  called  the  Bosco  di  Aci ;  it  contains 
many  large  trees,  and  has  a  partial  coating  of  vegetable 
mould,  and  it  is  seen  that  this  torrent  covered  lavas  of  an 
older  date  which  existed  on  the  spot. 

Four  eruptions  are  recorded  to  have  happened  between 
this  period  and  the  century  immediately  preceeding  the 
Christian  »ra,*  during  which  latter  epoch  the  mountain 
seems  to  have  been  in  a  stale  of  frequent  agitation,  so  that 
it  is  noticed  by  the  poets  among  the  signs  of  the  anger  of 
the  gods  at  the  death  of  CEesar.t 

After  this  for  about  a  thousand  yeara  its  eruptions  are  but 
little  noticed,  but  during  the  last  eight  centuries  they  have 
succeeded  each  other  with  considerable  rapidity.  Referring 
however  to  the  chronological  list  of  the  eruptions  of  the 
mountain  for  a  specification  of  these,  I  shall  here  merely 
allude  to  such  as  have  produced  some  remarkable  change 
in  the  character  of  the  country. 

I  know  not  whether  I  ought  to  include  among  these  events 
the  supposed  destruction  of  the  port  of  Ulysses  and  the  island 
adjoining,  of  which  Homer  and  Virgil  make  mention,  and 
which,  from  the  position  assigned  to  them  by  Pliny,|  have 
been  supposed  to  have  stood  near  the  village  of  Longnina  a 
few  miles  north  of  Catania. 

3  present  size  of  the  creek  which  is  found  there, 
qjted   only   for  small    fishing  boats,  is  far  loo   incon- 

lerable  to  correspond  with  the  description  given  of  it  by 

1.  C.  140-135-  1!&— lea.     Clue.  Sic,  anl.  p.  105. 


t  Qiiotiei  Cyelopum  effervere  in  agi 

Viilimm  undanlem  rnplii  fomsoibua  ^tnai; 
Flammsrunique  globna,  liquefrtctaqiie  volve 

[  4  Plio.  Nil.  Hill.  lib.  S.  op.  14. 


Jeorgic,  Lib,  1.1. 
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the  poets,*  and  as  the  islftiyttStself  does  not  exist,  ii  hsm 
been  imagined  that  there  iw  once  an  harbour  farther^- 
land^  and  at  the  back  of  the  present  village,  an  idea  te 
which  the  configuration  of  the  surrounding  country  seema 
to  lend  some  colour.  Bembot  even  goes  so  &r,  as  to  attn^ 
bute  to  an  eruption  that  took  place  in  the  14th  century  tbft 
filling  up  of  the  harbour  and  the  junction  of  the  island  ¥rith 
the  main  land,  and  Fazzello  follows  him  in  this  notion;  but 
Ferrara  j:  assures  us  that  the  lava  of  Longnina  certainly  .be^ 
longs  to  the  eruption  recorded  by  Orosius  as  happening  in  ihe 
year  of  Rome  631  or  12S  B.  C,  so  that  the  destruction  cf 
the  port  must  have  occurred  at  that  epoch,  if  at  alL  It 
must  be  remarked  however  that,  with  the  single  exception  of 
Pliny,  no  notice  is  taken  of  such  a  port  by  any  of  the  prose 
writers  of  antiquity,  so  that  it  is  possible  that  the  whole  may 
have  been  a  figment  of  imagination,  first' introduced  by 
Homer,  and  copied  with  little  variation  by  his  Roman  imi- 
tator. 

The  only  semblance  of  an  harbour,  which  the  neighbour- 
hood of  Catania  has  to  shew,  it  owes  to  the  lava  of  1669r 
In  this  memorable  eruption  a  rent  twelve  inches  in  length 
took  place  on  the  flank  of  the  mountain  above  Nicolosi^ 
about  half  way  between  Catania  and  the  summit,  and  firom 
this  fissure  descended  a  torrent  of  melted  matter,  which  con- 
tinued flowing  for  several  miles,  destroyed  a  part  of  Catania, 
and  at  length  entering  the  sea  formed  a  little  promontory, 
which  serves  to  arrest  the  fury  of  the  waves  in  that  quarter. 
At  the  same  time  the  accumulation  of  matters  ejected,  raised 
on  the  mountain  two  conical  hills  called  the  Monti  Rossi, 
which  measure  at  their  base  about  two  Italian  miles,  and 
ai'e'  in  height  more  than  three  hundred  feet  above  the  slope 
of  the  mountain,  on  which  they  are  placed.  J 

*  Portus  ab  accessu  ventorum  immotus,  et  ingens 
Ipse,  sed  horriflcis  juxta  tonat  Etna  ruinis. 

+  See  P.  Bembi  Liber  de  iEtnfi,  attached  to  Schelte'a  Edition  of  Corn.  Sever. 
iEtna.     Amstel.  1703.— p.  218. 

J  Ferrara.  Descrizione  dell'  Etna.     Palermo.  1818. 
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The  products  of  the  volc^c  action  at  these  different 
periods  hardly  presenit  sufficient  Variety  to  deserve  a  separate 
enumeration,  although  I  have  observed  among  the  lavas  that 
appear  of  the  oldest  date  a  nearer  approach  to  the  charac- 
ters of  trachyte  and  porphyry  slate,  than  is  ever  observabje 
among  the  more  modern,*  all  of  which,  so  far  as  I  have  ex- 
ajnined,  attract  thie  magnetic  needle,'  aiid  therefore  probably 
contain  an  admixture  of  titaniferous  iron.  The  ejected  masses 
are  much  more  uniform  in  the  composition  than  those  found 
on  Vesuvius,  and  I  am  not  aware  of  the  occurrence  among 
them  of  any  mineral  that  does  not  exist  in  the  latter  moun^ 
tain.  Signor  Gemellaro  has  discovered  a  mass  of  granite, 
which  seems  to  have  been  ejected,  in  the  midst  of  antient 
lava.t 

During  the  period  at  whicl^  I  visited  the  mountain,  sul- 
phurous acid  was  given  out  in  volumes  from  the  crater,  but 
the  condensed  vapours  collected  from  the  Famarcles  on  its 
exterior  consisted  simply  of  water,  very  slightly  impreg- 
Bated  with  muriatic  acid.  Sulphuretted  hydrogen  I  did  not 
discover  near  t^^^ummit,  but  at  the  bottom  of  the  moiin- 
tain  it  is  given  out  from  the  spring  of  Santa  Vennera  near 
Jaci  Reale. 

*  Giceni,  who  examined  Mount  Etna  with  much.ttlention,  has  stated,  tl\at 
It  consists  of  a  nucleus  of  porphyry  (trachyte)  covered  more  or  less  by,  the  lavas 
subsequently  ejected.  It  is  probable  from  analogy  that  this  may  be  the  case, 
but  I  could  not  satisfy  myself  on  the  point  from  actual  examination. 

f  See  his  pamphlet ''  Sopra  alc^ni  pezzi  di  Granite  e  di  lava  anticha  trova^ 
presso  alia  cima  di  Ktna,"  del  Dottor  C«  Gremmellaro.  Catania.  1823. 
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Shemng  the  correspondence  in  point  of  time  between  the 
eruptions  of  Mtna^  Vesuvius^  and  the  other  Volcanos 
connected  with  them. 


(Eztrftcledy  with  some  few  addition!,  from  HoiTs  Geschichte  der  ▼•made- 

rangen  der  Erdoberflache.) 


ETNA. 

VESUVIUS. 

B.C. 

460  or  thereabouts. 

487 

396 

185  Eruption  betweei 

A  the  Eolian  Islands, 

according  to  PI 
140 

iny,  200  B.  C. 

M'M\f 

135 

1S6  or  125)  in  which  year  flames  rose 

from  the  sea  near  Lipari. 

122 

91,  Eruptio 

a  at  Ischia* 

56  or  thereabouts. 

45  or  44. 

36  or  thereabouts* 

A.  D. 

40  or  thereabouts. 

A.  D. 

79. 

203. 

251 

512. 

812                            "Jj^  «V 

685. 

983. 
993. 

1036. 

1049. 

1138  orll39,6Kal.  lun 

1169,  Feb.  4. 

Between  1198  and  1250. 

1284. 


1198,  the  Solfatara  inflamed. 
1302,  Eruption  of  Mount  Epomeo,  in  Ischia. 
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t\& 


A.  D. 


ETNA. 


1329,  June  28. 

1383. 

1406,  November  9* 

1445. 

1446. 

1447,  September. 

15S5,  March  till  1537. 


VESUVIUS. 


A.  D. 
1306. 


1500. 


1538, 89th  September,  Formation  of  the  Monte  Nuovo, 

near  Puzzuoli. 


1566. 
1578. 
1603,  July. 

1^;  Feb.        h'lyjfT  ^""^"^  '^'' 


1614,  July  2. 

1619. 

1624. 


Continuance  of  email 

eruption! 

interval. 


1633,  February  22. 
1645,  Noveml>er. 
1654. 

1669,  March  8, 
1682,  December. 
1688 

1689,  March  14. 

1694,  March  to  December.    (Eruption 

only  of  ashes.) 


1702,  March  8. 


1723,  November,  beginning    of  the 
month. 


1735,  October,    beginning   of  the 
month. 

1747,  September,  volcanic  action  con* 
tinned  for  some  years. 


1755,  March  2. 
1759. 

1763,  June  19. 


1631,  December  16. 

1660,  July. 
1682,  August  12. 

1694,  March  12,  with  feeble  recur* 

rences  of  action 
tilll606. 

1701,  July  2  UU  16. 

1707,  May  20,  with  feeble  recurrences 
of  action  till  August, 
1707. 

1712,  Feb.  18,  eruption  continued  till 
the  following  year. 

1717,  June  6,  continued  as  before. 


1727,  July  26. 
1730,  February  27. 

1737,  IK^  ^ 

1751,  October  25. 
1754,  December  2, 


1760,  December  23. 
I  1766,  March  25. 
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Tahle^  Sfc. 


ETNA. 


A.  D. 

1766,  April  27. 


1780,  May  18. 

1781,  Apnl  84. 


1787,  July  88 


1792,  March. 

1798,  June. 

1799,  June. 

1800,  February  87. 
1802. 


1809,  March  87. 
1811,  October  88. 


1819,  May  89. 


A.D. 


VESUVIUS. 


1767,  October  83. 
1770. 

1778,  September  88. 

1779,  Augusts. 


1783,  August  18. 

1784,  October  18,  and  December. 

1786,  October  31. 

1787,  December  81. 

1788,  July  19. 

1789,  September  6. 

1794,  June  15. 
1799,  February. 


1804,  August  18,  and  November  88. 

1805,  July. 

1806,  May. 

1809,  December  10. 

1811,  October  18. 

1811,  December  31. 

1813,  May  to  December. 

1817,  December  88  to  86. 

1818. 

1819,  April  17. 

1819,  November  25. 
1822,  February  13  to  84, 
1822,  October  22. 


It  appears  from  this  Table  tht^t  the  nearest  coincidence  between  the  erup- 
tions of  the  two  Volcanos  was  in  1694  and  in  1811,  when  they  occurred  within 
a  month  of  each  other ;  and  that  on  eight  several  occasions  an  interval  of  less 
than  half  a  year  elapsed  between  them,  viz.  that  of  Vesuvius  Dec.  8,  1754,  was 
followed  by  one  of  Etna  on  March  2,  1755;  Vesuvius  August  3, 1779,  by  Etna 
May  18,  1780;  Vesuvius  October  31,  by  Etna  July  88,  1787;  Etna  June, 
1788,  by  Vesuvius  February,  1799 ;  again  followed  by  one  of  Etna  in  June, 
same  year ;  Etna  March  27,  1809,  by  Vesuvius  10  December,  1809  ;  Vesuvius 
October  12,  1811,  by  Etna  October  25,  1811;  again  followed  by  Vesuvius 
December 31y  same  year;  Vesuvius  May  27,  1819,  by  Etna,  November  l|5, 
same  year. 


LECTURE  III. 

ON  VOLCANOS  EXISTING  IN  COUNTRIES  NOT 
VISITED  BY  THE  AUTHOR. 


EUROPE. 


IcELAND-^Distinction  of  its  Lavas  into  terrestrial  and 
submarine — Dykes  that  occur  in  the  latter — Ckiver* 
nous  Lavas — Sulphur  Mountains — Geysers — Siliceous 
Sinter — Formation  of  Rocks  hy  Geysers  considered — 
Surturbrand  of  Iceland — General  remarks. 

Island  of  Jan  May  en.   . 

Volcanic  rocks  in  the  Grecian  Archipelago — Santorino 
and  the  adjoining  Islands — Milo — Argentiere — Lemnos 
-z—Cerigo-^Delos. 

Continent  of   Greece — Acroceraunian   Mountains'^ 
Chalcis  in  Eubcea — Mount  Parnassus-^Megalopolis  in 
Arcadia — Trcexene  in  Argolis — Methone — Thessaly-^ 
Bosphorus. 

Volcanic  appearances  in  Sardinia. 

Spain — near  Barcelona — Murcia — Cape  di  Gaieta — Cape 
St.  Vincent. 

PoRTUGAi^-^near  Lisbon — Province  ofBeira. 

AFRICA. 

African  Islands — Teneriffe — antient  Lavas — Trachyte 
— modern  Lavas — modern  eruptions  of  the  Volcano  of 
teneriffe. 

Palma — Von  BucWs  remarks  on  that  Island — on  Great 
Canary — on  Fortaventura. 


S18  On  Volcanos  not  visited  by  the  Author. 

Lanzerote — volcanic  phasnomena  that  occurred  in  1750 — ^36 

—in  1825. 

Madeira — BowdicVs  account  of  the  physical  structure  of 

that  Island — and  of  Porto  Santo. 
Cape  de  Verde  Islands. 
Azores — Dr.  Webster* s  account  of  St.  Michael^  El  Pieoy 

8fc. — Island  of  Sabrina. 
Question  as  to  the  former  existence  of  the  Island  or  Qnh 

tinent  of  Atlantis^  in  this  situation. 
Island  of  Ascension — of  Saint  Helena. 
Islands  on  the  Eastern  Coast  of  Africa — MadagaS' 

car.  Isle  of  France — Ssle  of  Bourbon. 
Volcanic  appearances  on  the  Continent  of  Afrmcm^^ 

near  Mount  Atlas— Tripoli — Egypt. 


ASIA. 

Coasts  of  the  Red  Sem  and  Persian  Gulph — Arabia-^ 
Palestine — Dead  Sea^  the  effect  of  a  volcanic  erup* 
tion—Asia  Minor — near  Scandaroon — near  Smyrna. — 
In  the  C^ucjisus — near  the  Cms  pi  sin  Sem — in  Per- 
8131 — in  Mesopotmmiji — India —  Thibet — Siberia 
— Kamsc2itk2i — Jtipsln — Loo  Cboo. 

IsLjtNDS  IN  TBJ^  Indian  Arcbipelmgo. — Philippines — 
Java — Sumatra,  8fC. 

Islands  in  the  South  Sejt. 

AMERICA. 

Islands  of  the  Antilles,  divisible  into  four  Classes^  at" 
cording  to  their  physical  constitution. —  Volcanic  appear^ 
ances  considered — Island  of  Trinidad. 

North  Am  eric  si  —  California  —  Mexico  —  Guatimal 
Nicaragua. 

South    Amerjcm  —  Columbia —  Quito — Peru  —  Chili 
HumboldCs  remarks  on  the  Volcanos  of  the  New  World 
generally. 


Volcanic  Jtoc/cs^-Jceland. 


LECTURE  III. 


Having  in  my  preceding  Lectures  confined  myself,  in 
great  measure,  to  the  consideration  of  those  volcanic  dis- 
tricts which  I  had  been  able  personally  to  visitj  it  is  my 
inirpose  in  the  present  to  lay  before  you  such  facts  as  I  could 
collect  respecting  the  existence  of  Bimilar  formations  in 
other  parts  of  the  globe. 

By  so  doing  I  shall  the  better  enable  you  to  judge  of  the 
soundness  of  the  conclusions  which  I  shall  afterwards  at- 
tempt to  deduce,  and  be  less  likely  to  incur  a  censure 
similar  to  that  which  has  been  passed  by  Humboldt  on  the 
geologists  of  the  last  century,  who,  ignorant  of  the  variety 
of  aspects  which  these  appearances  assume  in  different  parts 
of  tlie  world,  considered  Etna  and  Vesuvius  the  type  of  all 
existing  volcanos,  a  proceeding  no  less  absurd  than  that  of 
the  shepherd  in  Virgil,  who  expected  his  own  little  hamlet 
to  contain  within  itself  the  type  and  image  of  imperial 

In  my  lirst  Lecture  I  alluded  to  the  travels  in  Iceland, 
which  seem  to  have  been  in  some  measure  suggested  by  the 
discussions  that  were  carried  on  with  bo  much  warmih  at 
Edinburgh  respecting  the  origin  of  basalt ;  in  my  present  it 
is  my  intention  to  lay  before  you  such  of  its  contents  as 
appear  to  illustrate  tike  subjects  more  immediately  under 
our  consideration. 

Sir  G.  Mackenzie,  in  the  work  to  which  I  refer,  notices 
two  varieties  of  volcanic  products  in  this  island,  one  of 
which  appeared  to  him  of  submarine,  the  other  of  terrestrial 
origin. 

Among  the  rocks  referred  to  the  former  period,  the  pre- 
vailing substance  was  a  tuff  containing  fragments  of  ccl- 
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lular  lava,  of  pearlstone,  and  of  amygdaloid,  the  cavities  of 
which  were  filled  with  calcareous  spar.    With   this  tuff 
alternate  beds  of  scoriform  lava,  and  both  are  traversed  by 
dykes  of  greenstone,  perfectly  compact,  and  without  any 
vitreous  aspect,  thus  serving  to  shew,  the  manner  in  which 
the  characters  of  a  rock  depend  upon  the  degree  of  pressure 
exected  during  its  formation.     In  the  case  of  A|ta|i()>ed  the 
structure  is  cellular,  because  it  probably  flowed  frtely  oyer 
the  surface,  without  being  subjected  to  any  pressure  con* 
fflderable  enough  to  counterpoise  the  expansive  force  of  the 
elastic  vapours  disengaged ;  in  the  case  of  the  greeqstone 
dykes,  the  rock  itself  ihrdugh  which  they  forced  their  vifay, 
may.  have  opposed  a  resistance  sufficiently  considerable  to. 
iiave  prevented  the  formation  of  cells. 

The  circumstances,  in  short,  of  this  case  may  be  con* 
sidered  as  corresponding  virith  those  which  I  have  described 
as  Qccurring  at  the  Monte  Somma,  where,  though  the  rock 
itself  is  analogous  in  its  mineralogical  characters  to  the 
4ykj3S  that  traverse  it,  yet  the  mechanical  structure  in  the 
former  case  is  very  different  to  what  it  is  in  the  latter,  owmg 
probably  to  the  inferior  degree  of  pressure  exercised  during 
its  formation. 

In  other  cases  the  tuff  contains  horizontal  beds  of  pearl- 
s^one,  which  I  suspect  to  be  analogous  to  the  dykes  noticed 
in  my  former  Lecture  as  occurring  in  the  Lipari  Islands,  as 
from,  the  manner  in  which  this  stone  disappeared  aiRong  the 
other  rocks^  becoming  gradually  mixed  and  blended  with 
them,  Sir  G.  Mackenzie  was  led  to  think  that  the  bed  itself 
wa^  an  interposed  branch,  or  the  trunk  of  a  vein. 

The  cellular  aspect  of  the  constituents  of  these  submai^ne 
lavas  seems  to  shew  that  their  age  is,  comparatively  speaking, 
modern,  and  with  this  the  almost  total  absence  of  any  Nep? 
tunian  products  completely  accords. 

Sir  G.  Mackenzie  has  noticed  an  effect  of  volcanic  action 
of  a  kind  rather  different  from  that  which  has  hitherto  cqme 
before  us. 
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in  many  places,  he  says,  an  extensive  stratum  of  volcanic 
matter  has  been  heaved  up  into  large  bubbles  or  blisters, 
varying  from  a  few  feet  to  forty  or  Hfty  in  diameter.  It 
also  contains  numerous  little  craters^  from  which  flames  and 
scoriee  [had  issued,  biit  no  lava.  These  craters  are  often 
partially  covered  in  by  doTnes  of  the  same  material,  as 
though  the  whole  rock  had  been  Hrst  softened  by  tlie  ope- 
ration of  heat;  and  portions  of  it  had  then  been  made  to 
swell  outwards  by  the  extrication  of  elastic  vapours. 

One  author  has  chosen  to  distinguish  this  variety  by  the 
name  of  cavernous  lava ;  its  date  is  probably  anterior  to  that 
of  the  commencement  of  the  present  order  of  things,  for  it  is 
in  many  cases  covered  with  gravel,  and  seems  to  extend 
under  the  sea. 

When  I  come  to  speak  of  the  Island  of  Lanzerote,  I  shall 
have  occasion  to  point  out  appearances  described  by  Von 
Buch,  of  a  very  analogous  kind ;  and  shall  therefore  defer 
any  attempt  to  explain  them  for  the  present,  proceeding  in 
the  mean  time  lo  some  other  phenomena  connected  with 
the  same  subject,  which  Iceland  presents  to  our  contem- 
plation. 

Amongst  these  are  the  Sulphur  mountains  of  Krisiavik 
which,  as  described  by  Sir  G.  Mackenzie,  present  in  some 
respects  analogies  to  the  pseudo-volcanic  phienomena  of 
Macaluba  in  Sicily,  and  in  others  to  those  of  a  genuine 
volcano,  in  continual  but  languid  action. 

The  rock  consists  of  alternating  beds  of  white  clay  and 
sulphur,  from  all  parts  of  which  steam  is  given  out.  This 
was  remarkably  the  case  in  a  deep  hollow  into  which  the 
author  descended,  where  a  confused  noise  was  heard  of 
boiling  and  splashing,  joined  to  the  roaring  of  steam  es- 
caping from  narrow  crevices.  At  the  bottom  of  this  hollow 
was  a  cauldron  of  boiling  mud  about  13  feet  in  diameter. 
There  was  a  constant  sublimation  of  sulphur,  which  formed 
beautiful  crystals  round  the  sides  of  the  cavity. 

The  celebrated  springs  of  Geyser  are,  however,  the  phee- 
nomena  which  most  forcibly  arrest   the  attention   of  the 
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traveller  in  this  country.  The  inteimitting  character  of 
these  fountnins  may  be,  in  some  measure,  imitated  by  pour- 
ing a  stream  of  water  through  a  bent  tube  depressed  about 
the  centre,  and  heated  in  that  part  alone. 

Under  these  circumetances^the  steam  suddenly  generated 
at  bottom  will  force  one  portion  of  the  water  out  in  a  jet 
from  the  t^osite  extremity  to  that  at  which  it  entered, 
driving  back  at  (he  same  time  the  current  of  water  ibat 
continued  to  Sow  in.  In  this  manner  the  water  might  be 
propelled  in  jerks, , as  happens  ia  the  case  of  the  Geyser 
epriiigs. 

Such  an  expIanaUon  however  is  far  from  being  adequate 
to  account  for  the  complicated  phaenomena  of  these  foun- 
tains, which,  after  a  pause  of  many  hours,  first  threw  up 
water,  and  afterwards  vast  columns  of  steam,  to  the  heigliL 
Eometimes  «f  SOO  feet,  and  then  immediately  sunk  into  u 
temporaiy  repose ;  neither  is  it  applicable  to  the  singula 
circumstance  mentioned  by  Mr.  Henderson,  as  to  the  pos- 
sibility of  bringing  on  the  explosion  at  any  given  time  by 
merely  tlirowing  large  stones  into  the  orifice.  The  latter 
fact  indeed  seems  to  prove  that  the  generation  of  steam  is 
constant,  and  that  nature  has  provided  other  vents  sufficient 
to  cany  oft'  a  certain  portion  of  the  elastic  vapour,  unless 
when  obstructed  in  the  manner  produced  by  Mr.  Hender- 
son, in  which  case  its  rapid  accumulation  gives  rise  to  lui 
almost  immediate  explosion. 

The  presence  of  siliceous  earlli  surrounding  tlie  waters  of 
the  Geyser  springs,  is  a  phsenomenon  not  altogether  icoafineil 
to  Iceland. 

It  exists  as  1  have  shewn  in  Ischia  and  in  other  places, 
where  it  is  less  easy  to  attribute  its  occurrence,  as  has  been 
done  in  the  present  instance,  to  the  chemical  affinity  exerted 
for  the  earth  by  the  mineral  alkali  present  in  the  water*— 
perhaps  indeed  in  either  case  the  pressure  exerted  contri- 
butes to  the  eSect. 
-L   If  we  were  lo  credit  the  accounts  given  by  some  travellers, 
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we  must  attribute  siill  more  exlraordinary  eiTGCts  to  the 
water  of  these  Geysers  than  the  mere  floluiion  of  silica. 

In  the  second  volume  of  the  Edinburgh  Philosophical 
Journal,  you  will  see  an  account  of  Iceland,  by  Menge,  a 
German,  in  which  he  attributes  the  formation  not  only  of 
siliceous  sinter  to  these  springs,  but  even  in  many  instances 
of  tuff,  of  basalt,  of  porphyry,  and  of  obsidian.  He  even 
declares  that  he  saw  one  hot  spring  producing  lava,  another 
forming  basalt,  and  a  third,  trap  porphyry,  and  notices  a 
particular  case  where  he  extracted  from  a  boiling  marsh  a 
muddy  hot  mass,  which,  when  broken,  exhibited  the  cha- 
racters of  basaltic  lava  in  the  centre,  and  towards  the  sur- 
face passed  gradually  into  red  and  grey  mud. 

Such  extraordinary  facts  however  require  for  their  belief 
the  very  best  evidence,  and  I  fear  the  testimony  of  Menge 
will  hardly  be  considered  sufficient  to  substantiate  tliem, 
if  at  least  1  am  rightly  informed  with  respect  to  the  estima- 
tion as  a  geologist  in  which  he  is  held  in  his  own  country. 
That  purely  siliceous  minerals,  such  as  pearlstone,  hyalite, 
and  opal  may  be  the  productions  of  hot-springs  is  indeed 
less  improbable,  but  all  analogy  is  opposed  to  the  idea  that 
extensive  strata  of  basalt  or  porphyry  have  ever  been  pro- 
duced in  the  same  manner. 

Almost  the  only  substance  not  connected  with  volcanic 
operations  which  occurs  in  Iceland  is  the  surlurbrand  or 
bituminous  wood,  of  the  situation  of  which  a  recent  tra- 
veller, Mr.  Henderson,  has  given  us  a  detailed  account.  The 
west  side  of  a  perpendicular  cleft  in  the  side  of  a  mountain 
called  Hagafiall  exposes  a  section  of  ten  or  twelve  horizontal 
strata,  of  which  the  surturbrand  is  undermost,  occupying 
four  layers,  which  are  separated  from  each  other  by  inter- 
mediate beds  of  soft  sandstone  and  clay. 

They  vary  in  thickness  from  a  foot  and  a  half  to  three 
feet,  and  differ  also  in  quality,  the  two  lowest  strata  ex- 
hibiting the  most  perfect  specimens  mineralized  wood,  free 
from  all  foreign  admixture  and  of  a  jet  black,  the  numerous 
knots,  roots,  &c.  leaving  no  doubt  of  ils  vegetable  origin. 
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The  two  upper  strata  contain  an  admixture  of  eartby  anof 
ferruginous  matters,  and  in  the  midst  of  them  occurs  a  thia 
layer,  four  inches  in  thickness,  consisting  of  a  schiatOQ^ 
mass  which  appears  to  be  made  up  entirely  of  leaves  closely 
pressed  together,  separated  only  by  a  little  clay.  ^  These 
leaves  are  chiefly  of  poplar,  a  tree,  Mr.  Henderson  says^'at 
present  not  met  with  on  the  island.  The  beds  of  aortur- 
brand  support  an  alternation  of  basalt,  tu£^  and  lava,  which 
extend  to  the  summit  of  the  hill. 

With  the  sole  exception  perhaps  of  this  substance^'  the 
whole  of  the  mineral  structure  of  Iceland  may  be  said  to 
have  originated  more  or  less  directly  from  volccmoe^  and 
there  is  probably  no  part  of  the  globe  in  which  operations 
of  this  kind  have  been  going  on  with  so  much  activity,  and 
for  so  considerable  a  period.  The  existence  of  submanne 
lavas  proves  the  action  to  have  commenced  before  the  retreat 
of  the  ocean,  notwithstanding  which  eruptions  occur  here 
more  frequently  at  present  than  they  do  at  Vesuvius  or.  in 
any  other  known  case. 

Besides  Hecla,  which  has  been  twenty-two  times  in  a 
state  of  activity  during  the  last  eight  hundred  years,'  five 
other  volcanos  are  enumerated,  from  which  the  total  number 
of  recorded  eruptions  during  the  same  period  is  no  less  than 
twenty.  Some  of  these  happened  at  the  same  time  at  which 
the  volcanos  of  the  Mediterranean  were  in  action,  but  the 
instances  of  this  coincidence  are  not  sufficiently  numerous 
to  lead  to  any  certain  conclusion. 

In  the  year  1783  a  submarine  eruption  took  place  six  or 
eight  miles  from  Reykiavess,  which  gave  birth  to  a  new 
island  a  mile  in  circumference,  which  however  the  follow- 
ing year  again  disappeared.  A  submarine  eruption  also 
took  place  about  the  same  time  seventy  miles  from  the  same 
cape,  which  is  said  to  have  thrown  up  pumice  sufficient  to 
cover  the  sea  for  a  space  of  150  miles  round. 

A  new  island  is  also  stated  to  have  appeared  oppoate 
Hecla  in  the  year  1563,  but  there  are  some  doubts  as  to  this 
latter  fact.* 

*  See  Raspe  de  novis  Insulis.   p.  126. 
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The  only  other  volcano  in  the  north  of  Europe  is  that  in 
the  island  of  Jan  Mayen,  off  the  coast  of  Greenland.  This, 
when  visited  by  Captain  Scoresby*  in  the  year  1817,  ex- 
hibited the  marks  of  a  recent  eruption,  and  was  found  to 
consist  of  cellular  lava,  of  tuff,  and  of  scoriiB  j  on  its  summit 

^Qtas  a  magnificent  crater  500  feet  in  depth,  and  about  SOOO 

^^^P*di  am  etcr . 

^^HrThose  who  have  made  up  their  minds  with  regard  to  the 
^^biricanic  origin  of  trap,  will  perhaps  suppose  a  connexion 
Hi%etween  the  rucks  of  Iceland,  and  those  of  Faro,  the  He- 
brides, and  the  connty  of  Antrim, 

The  line,  however,  which  I  have  prescribed  to  myself  in 
the  prosecution  of  this  inquiry,  precludes  me  from  entering 
into  a  description  of  these  latter  countries,  which  indeed  are 
already  made  known  to  the  public  by  aome  of  the  most  dis- 
tinguished geologists  of  this  country,  in  publications  at  once 
easily  accessible,  and  of  recent  date.t 

It  is  true,  there  are  certain  phtenomena  noticed  by  Sir  G. 
Mackenzie  in  his  description  of  Faro,  which  remind  one  of 
those  which  I  have  noticed  in  my  account  of  the  volcanic 
rocks  near  Frankfort,  especially  the  occurrence  of  a  bed  of 
amygdaloid  having  its  upper  surface  tilled  with  small  insu- 
lated perpendicular  cavities,  as  if  caused  by  the  escape  of  a 
gaseous  fluid  when  the  rock  was  in  a  soft  pasty  stale. 

As  however  I  have  not  the  same  inducements,  from  having 
personally  visited  these  spots,  for  entering  upon  the  physical 
structure  of  Faro,  as  I  had  for  noticing  that  of  the  trap  for- 
mations in  Germany,  I  shall  return  to  the  soutli  of  Europe, 
where  there  yet  remain  several  tracts  not  less  worthy  of 
Hotice  with  reference  to  the  present   enquiry  than   those 

•  Scoreitby  in  the  Eilinb,  Phjlowpliieal  Joirnsl. 

+   Sir   G.    Mflcti-Hiie  and    Mr.   Allan,   Edlnb.    Phil.  Trans,  vol.  7 Mr. 

Treveljon,    E.I.    I'liil,    Trims,   vol.   8 Macciillncirii    WeKlecn    Itlandi  ar.d 

JamtnoD's  Mineralogjcal  Travels. — Berger  on  <1ie  Gcul.  Features  of  the  14. 
Eastern  countiet  of  Irplsnd,  nilh  an  Introdualioii  and  Rentarka  by  the  Rev. 
W,  Conyhcere — ami  Dcacriplive  Noles  rererriiij;  lo  an  ouliine  of  Sretioni  of 
|lie  MDie  CoBil  liy  Messra.  Conybeare  and  Buckland. 
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which  have  been  treated  of  in  the  course  of  the  precedixi^ 
Lectures. 

Thus  we  have  strong  reasons,  both  from  the  accounts  of 
antient  writers,  and  the  observations  of  modem  travellers, 
to  infer  the  prevalence  of  igneous  action  in  many  parts  of  th^ 
Grecian  Archipelago. 

It,  13  true,  there  may  be  room  for  questioning  the  suffi- 
(^ncy  of  the  former  source  of  information,  where  not  coiif 
Unned  by  the  physical  structure  of  the  spots  themselveB>| 
for  Pliny  mentions  Rhodes  as  having  been  thrown  up  from 
the  ocean*  in  a  manner  that  would  lead  us  to  infer  the 
agency  of  some  volcanic  forc^,  and  yet  it  appears,  thai  this 
i^diand  consists  of  gri^nite  and.  other  rocks,  which  present  no 
^ra^es  of  any  action  of  this  kind. 

Jf^  other  cases,  however,  where  the  information  obtained 
from  these  two  distinct  sources  concur  in  assigning  to  t3m 
place  this  mode  of  formation,  we  can  have  no  difficulty  in 
admitting  the  correctness  of  the  statements  given. 

The  Island  of  Santorino,  known  by  the  antients  under 
Ijhe  name  of  Thera,  as  well  as  the  smaller  one  near  it  called 
Therasia,  are  mentioned  by  Pliny  as  having  been  thrown  up 
£:om  the  sea;f  both  which  statements  seem  to  have  a 
foundation  in  fact,  though  mixed  up  with  much  inaccuracy 
q£  detail. 

Thus  in  speaking  of  the  larger  Island  Thera,  the  Roman 
naturalist  sets  down  the  time  of  its  appearance  as  happening 
in  the  135th  Olympiad,  or  about  237  years  B.  C,  a  date 
quite  inconsistent  with  the  mention  made  of  the  island  by 
Herodotus,  who  states  that  it  was  given  by  Cadmus  to 
Membliares,  one  of  his  followers  if 

If  this  historian  indeed  be  depended  on,  we  must  likewise 

•  Plin.  Hist.  Nat.  Lib.  ii.  CLXXXIX. 
+  Vide  Plin.  Hist.  Nat.  hoc.  cit. 
^  Melpomene,  c.  147. 
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f^ard  as  a.  poetical  fiction  the  account,  which  Apollonius 
Rhodius*  has  given  of  the  sudden  appearance  of  the  island, 
at  the  period  of  the  return  of  the  Argonautic  expedition. 

As  to  the  origin  however  of  the  island,  though  not  as  to 
the  date  of  the  event,  the  reports  of  these  writers  are  fully 
borne  out  by  the  accounts  of  Tourneforit  and  other  mo- 
derns, who  represent  the  island  as  made  up  entirely  of 
volcanic  matters,  with  the  exception  of  one  spot,  the  moun- 
tain of  St.  Stephen,  where  a  block  of  white  marble,  of  what 
size  does  not  appear,  occurs  resting  on  tlie  volcanic  matter, 
or,  to  Use  the  expression  of  the  writer,  grafted  on  pumice!^ 

The  island  is  of  an  horse-shoe  form,  and  the  bay  inclosed 
within  the  horns  of  the  crescent  contains  four  smail  rocks  or 
islets,  the  largest  of  which,  according  to  Choiseul  Gonffier,|| 
though  al  present  called  Aspronesi,  is  the  antient  Therasia ; 
whilst  the  modern  Tliefasia  or  Theraiia,  lies  a.  little  to  the 
north  of  the  bay,  and  consists  of  nothing  more  than  a  few 
barren  rocks. 

Aspronesi,  ou  the  other  hand,  nearly  closes  the  mou'Ch  of 
the  bay ;  whilst  the  three  remaining  islets,  viz,  Hiera,  other- 
wise called  Burnt  Island,  or  Great  Camment;  New  or  Blaclt 
Island;  and  Micronesi,  or  Little  Cammeni,  are  situated 
within, 

The  subjoined  map  is  taken  fioni  Toumefort's  work,  but 
as  the  representation  of  the  smaller  islands  therein  giVen 
does  not  coriespond  with  the  more  modern  sketch  annexed 
to  Choiaeul  Gouffier's  Voyage  Pitloresque  de  la  Grece,  I 
have  thought  myself  privileged  to  introduce  such  alterations 
as  would  make  it  accord  more  nearly  with  the  tatter. 

Argi.i..4.   1755. 
+  See  Tourneforfs  Traveti*  in  ihe  Levant. 

}   Enii,  pour  aliuj  dire,  »ur  picrrei  ponro»,     Tournefon,  vol,  i.  Letter  vi, 
I  VuyBgepiitomqu#d*UGrCcF,  vol.  U 
p  3 
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A.  Antient  Thera.     Modem  Santorino. 

a.  a.  Black  and  calcined  rocks^  very  abrupt. 

b.  Pyrgos. 

c.  Castle  of  Scaro. 

d.  San  Nicolo. 

e.  Hill  of  St.  Stephano. 
f.f.    Sea  unfathomable. 

-  B.  Little  Cammeni  or  MicroneBi,  tbrown  up  1573. 
i  C.  New  or  Black  Island,  thrown  up  1707.     . 
,   D.  Hiera,  Burnt  Island,  or  Great  Cammeni. 
.  K;  Antient  Therasia,      Modem    Aspronesi,  or  White 

Island, 
; ,  F.  Rocks  now  called  Therasia. 
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Of  these  islands,  it  seems  pretty  clear  from  a  number  df 
concurrent  testimonies,  that  one  must  have  been  thrown  up 
from  the  sea  about  three  centuries  before  the  Christian  era^ 
but  it  does  not  seem  quite  so  certain  to  which  of  the  four 
the  authorities  refer. 

Pliny  for  instance  declares,  that  Therasia,  as  well  as 
Thera,  made  its  appearance  in  the  ISSth  Olympiad,  but 
the  inaccuracy  of  his  statement  with  regard  to  the  former 
island  is  alone  sufficient  to  invalidate  his  testimony  as 
regarding  the  latter. 

He  also  mentions,  that  130  years  afterwards  the  island  of 
Hiera  was  thrown  up,  a  statement  confirmed  by  Justin  and 
Plutarch*  as  to  the  fact,  though  not  as  to  the  date,  for  these 
writers  mention  the  appearance  of  Hiera  as  having  occurred 
during  the  war  between  the  Romans  and  Philip  of  Macedoti^ 
and  if  we  adopt  the  date  assigned  by  Justin,t  which  is  that 
of  the  year  in  which  the  battle  of  Cynocephale  was  fought, 
we  must  fix  it  at  197  B.  C,  and  substitute  in  the  text  of 
Pliny  for  the  number  cxxx,  xxxx. 

All  these  authorities  however  concur  in  placing  Hiera 
between  Thera  and  Therasia,  and  as  of  the  three  islands  in 
that  predicament,  two  of  them,  New  Island,  and  Little 
Cammeni,  are  understood  to  have  been  produced  in  modem 
times,  we  must  conclude  that  Hiera  is  the  one  now  known 
by  the  name  of  Burnt  Island,  or  Great  Cammeni. 

Pliny  also  speaks  of  another  phaBUomenon  of  the  same 
kind  as  happening  in  his  own  time,:|:  for  he  tells  us,  that  in 
the  reign  of  Claudius,  A.  D.  46;,  a  new  island  called  Thiai 
appeared  near  Thera.     But  as  he  mentions  it  as  only  two 

r 

*  Justin,  lib.  90.  c.  4.-^Plutarch  De  PythisB  orac.  ^ 

'f  Justin's  words  are :  Eodem  anno  inter  Theramenem  et  Therasiam,  modio 
utriusque  ripsB  et  maris  spatio,  terras  motus  fuit;  iu  quo,  cum  admiralione 
navigantium,  repente  ex  profuudo  cum  calidis  aquis  insula  emersit.  Lib. 
30.  c.  4. 

X  Plin.  Hist.  Nat.  Lib.  ii.  c.  Ixxxix. 
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ita^'  distant  firom  Hiera^  it  is  possible  that  the  isloAd  may 
rhiive  been  joined  to  the  latter  by  a  subsequent  ve¥olutia% 
^8  by  that  recorded  to  have  taken  place  in  the  year  72&j  by 
•which  Hiera  is  said  to  have  been  greatly  augmented  inpqiiit 
of  size. 

In  the  centuries  succeeding  the  latter  epoch,  o^her  chai^^ 
pxe  noticed  with  respect  to  these  islands,  amongst  which  the 
production  of  a  new  rock,  that  of  Little  Cammeni,  ia  1578^ 
was  the  most  remarkable. 

Thevenot  mentions  a  great  eruption  of  pumice  as  having 
taken  place  in  the  sea  near  Santorino  in  1638,  a^d  Father 
Goree*  in  1T07  was  eye  witness  of  the  appearance  of  a  new 
rock  between  Little  and  Great  Cammeni,  which  increased  in 
^ze  so  rapidly,  that  in  less  than  a  month  it  became  half  a 
mile  in  circumference,  and  had  risen  twenty  or  thirty  £bet 
above  the  level  of  the  waters. 

The  following  is  an  extract  from  the  account  he  has  trans- 
mitted to  us  of  the  circumstances  attending  this  event. 

On  the  23d  of  May,  1707,  the  commencement  of  a  new 
island  between  Great  and  Little  Cammeni,  was  perceived 
from  Scaro,  and  from  all  that  side  of  Santorino.  It  was  at 
first  taken  for  the  wreck  of  a  ship,  but  those  who  visited  tke 
spot  under  that  impression,  found  that  it  was  a  mass  cf 
rocks,  which  rose  from  the  bottom  of  the  water.  Some, 
whose  curiosity  got  the  better  of  their  fear,  had  the  hardir 
hood  to  land  upon  it,  and  found  the  surface  covered  wi|h  a 
white  and  very  soft  stone;  but,  what  was  very  remarkidile, 
a  large  quantity  of  fresh  oysters,  which  are  rarely  seen  about 
Santorino,  were  found  adhering  to  the  rock  newly  throwa 
up.  Whilst  in  the  act  of  collecting  them,  they  were  fright- 
ened away  by  feeling  the  ground  shake  violently. 

Between  this  and  the  month  of  July  the  island  waa  ob- 
served to  grow  gradually  larger,  for  though  many  of  the 

*  See  Phil.  Transactions,  vol.  26  and  27. 
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ix>cks  whidb  were  added  to  it  sunk  agaih  into  th^  w&t«i% 
a  sofficient  number  remained  to  £uld  considerably  to  iti 
volume. 

In  July  the  appearances  were  more  awful,  as  all  at  once 
there  arose,  at  a  distance  of  about  sixty  paces  from  the 
island  already  thrown  up,  a  chain  of  black  and  calcined 
rocks,  soon  followed  by  a  torrent  of  black  smoke,  whicfa^ 
from  the  odour  that  it  spread  around,  from  its  effect  on  the 
natives  in  producing  headache  and  vomitings  and  from  its 
blackening  silver  and  copper  vessels,  seems  to  have  consisted 
of  sulphuretted  hydrc^en. 

Some  days  afterwards  the  neighbouring  waters  grew  hot^ 
and  many  dead  fish  were  thrown  upon  the  shore.  A  fri^ht^ 
ful  subterranean  noise  was  at  the  same  time  heard,  long 
streams  of  fire  rose  from  the  ground,  and  stones  continued 
to  be  thrown  out,  until  the  rocks  became  joined  to  the  Whitfe 
Island  originally  existing. 

Showers  of  ashes  and  pumice  extended  over  the  sea,  even 
to  the  coasts  of  Asia  Minor  and  the  Dardanelles,  and  de- 
Btroyed  all  the  productions  of  the  earth  in  Santorino. 

These,  and  similar  frightful  appearances  continued  round 
the  island  for  nearly  a  year,  after  which  nothihg  remained 
of  tliem  but  a  dense  smoke .  ' 

On  the  15th  July,  1708,  the  same  observer  had  the  cou- 
rage to  attempt  visiting  the  island,  but  when  his  boat  ap- 
proached within  500  paces  of  it,  the  boiling  heat  of  the 
water  deterred  him  from  proceeding.  He  made  anoth^ 
trial,  but  was  driven  back  by  a  cloud  of  smoke  and  cinders 
that  proceeded  from  the  principal  crater.  This  was  fdt> 
lowed  by  ejections  of  red-hot  stones,  from  which  he  very 
narrowly  escaped.  The  mariners  remarked  that  the  heat  df 
the  vmter  had  carried  away  all  the  pitch  from  their  vessel. 

During  the  ten  subsequent  years^  the  volcanic  action  had 
given  rise  to  several  other  eruptions,  but  the  same  reporter 
states,  that  in  1712  all  was  quiet,  and  no  other  inclication  of 
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tbe  kind  existed,  excepting  a  quantity  of  sulphur  ud 
bitumen^. which  floated  on,  without  mixing  with,  the  waters. 
Its  circumference  at  that  time  was  about  four  miles* 

It  is  important,  with  reference  to  the  natural  history  of 
volcanos,  to  remark  that  in  this  case,  as  in  many  others,  the 
mountain  appears  to  have  been  elevated,  before  the  crater 
existed,  or  gaseous,  matters  were  given  out.  According  to 
Bourguignon  smoke  was  not  observed  till  twenty-six  days 
after  the  appearance  of  the  raised  rocks. 

Not  that  I  mean  to  represent  this  as  universally  tme^.  ftr 
in  many  cases  it  is  probable  that  the  whole  consists  of  a 
CQnfiised  congeries  of  stones  of  various  sizes,  piled  saccefli* 
ively  one  upon  another. 

This  indeed,  if  we  believe  the  account  transmitted  to  us 
by  Seneca,  appears  to  have  been  the  case  with  the  island  of 
Hiera  or  Great  Cammeni,  as  will  be  seen  from  the  following 
passage.* 

Majorum  nostrorum  meroori&,  ut  Posidonius  tradit,  cum  insula  in 
Mgeo  mart  surgeret,  spumabat  interdiu  mare,  et  fumus  ex  alto  fere- 
batur.  Nam  primum  producebat  ignem,  non  continuum,  sed  ex  inr 
tervallis  emicantero,  fulminum  more,  quotiens  ardor  infer! Cbs  jacentis 
superum  pondus  evicerat.  Delude  saxa  revoluta,  rupesque,  partim 
illaese,  partim  exess,  et  in  levitatem  pumicb  versae ;  novissime  cacu- 
men  montis  emicuit.  Posted  altitudini  adj  actum  et  saxum  iilud  in 
magnitudinem  insuls  crevit. 

It  is  curious,  that  the  learned  author  of  the  Voyage  Pitto- 
resque  de  la  Grdce,  although  he  relates  such  an  assemblage 
of  facts,  all  tending  to  prove  the  agency  of  .volcanos  in 
building  up  tracts  of  land,  prefaces  his  remarks  by  saying, 
that  this  cause,  far  from  having  been  the  means  of  elevating 
the  Island  of  Santorino  from  the  bosom  of  the  waters,  has, 
on  the  contrary,  been  only  instinimental  in  swallovnng  up 
that  part  of  it,  which  once  occupied  the  space  between  it 
and  Aspronesi. 

*  Seueca  Nat.  Quasst.  K  2.  c.  26. 
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Whether  indeed  there  be  any  truth  in  the  idea  that  this 
lias  been  separated  from  the  larger  island  adjoining,  and 
tliat  the  latter  before  this  disineiiibermenl  went  by  the 
name,  not  of  Thera,  but  of  Callista,  is  more  than  we  have 
the  means  of  determining ;  but  that  none  of  the  larger 
islands  owe  their  oiigin  to  volcanos,  or  that  they  are  merely 
the  summits  of  the  high  mountains  which  existed  on  the 
surface  of  a  tract  of  land  which  was  overwhelmed  by  an 
imagined  eruption  of  the  waters,  derived  from  the  bursting 
of  the  Euxine  Sea,  is  a.  notion  too  fanciful  to  deserve  a 
serious  confutation. 

Whatever  loss  may  have  been  at  any  time  sustained  by 
the  islands  in  consequence  of  volcanic  actions  going  on 
underneath  them,  it  must  be  recollected,  that  it  ■was  only  a 
recovery  of  a  part  of  what  had  been  originally  wrested  from 
the  ocean  by  the  very  same  cause,  for  the  whole  physical 
structure  of  Santorino  and  its  appendages,  is  such,  as 
proves  that  they  have  resulted  from  this,  and  from  this  cause 
alone. 

The  origin  nevertheless  of  the  two  larger  islands  must  be 
very  remote,  if  the  degree  of  their  cultivation  be  any  test  of 
their  antiquity ;  for  the  surface  of  Great  Cammeni,  though 
thrown  up  before  the  Christian  lera,  is  still  barren  and  un- 
de  com  posed, 

The  Island  of  Milo  appears  also  to  be  volcanic*  All  the 
vicinity  of  the  port  abounds  in  hot  springs,  which  are  sul- 
phureous and  chalybeate.  Sulphur  is  sublimed  in  the 
crevices  of  the  rock,  and  alum  ia  everywhere  met  with. 
This  alum  Pliny+  mentions  as  the  best  that  could  in  hta 
time  be  obtained,  next  to  that  of  Egypt,  and  its  origin  is 
clearly  explained  by  the  sulphur,  which,  according  to  this 
naturalist,  is  found  in  the  same  island, J  derived  in  all  pro- 

•  SeeCboiseul-GDuffiei^Toiicinfarl— Ricliordion'»TiBVel*,in-, 
■f  Plin.  Hi.1.  NeI.  Lib.  35,  e.  lii. 
t  Hlin.  Hi.t.  Nal.  Lib.  35.  o.  I. 


tSI  Gr€tHm  Anhipehig0. 


babiUcy  from  exhalations  coosiBiiBg  6f  sulphuretted  \y^ 

dragea. 

Besides  these  ertdences  of  volcanic  acdon^  ToumefcHTtt 
Bieniioiis  the  occurrence  of  ^^  an  uncommon  kind  <^  sKme 
Uoe  pumice,  but  hard,  blackish,  light  of  Weight,  not  sm» 
ceptible  of  impressions  of  the  air,  and  very  fit  for  sharpiuiiilg 
all  sorts  of  iron  tackle*" 

It  is  curious  that  here,  as  well  as  in  the  Phlegrean  fields, 
near  Naples,  noxious  miasmata  so  abound,  that  the  faW 
inhabitants  of  this  once  populous  island  are  the  very  pie* 
tures  of  wretchedness  and  disease,  insomuch  that  ChcnaiBid 
Gouffier  is  disposed  to  attribute  to  the  exhalations  ct  the 
volcano,  what  is  probably  to  be  sought  for  in  some  othor 
and  more  occult  cause. 

Dr.  Richardson,  the  most  recent  traveller  who  has  noticed 
this  island^  states,  that  the  road  from  the  shore  to  Castro  iIm 
chief  town  lays  up  a  steep  ascent,  in  which  he  observed 
many  masses  of  obsidian.  The  whole  mountain  viras  vol* 
canic,  and  the  e&cts  of  this  action  are  seen  in  the  theatre 
lying  between  the  town  and  the  entrance  of  the  harbour^ 
which  has  been  completely  buried  under  a  shower  of 
volcanic  ashes.  A  few  steps  of  it  have  been  uncovered  oa 
one  side,  and  are  found  to  consist  of  the  marble  of  the  island 
fresh  and  uninjured.^ 

Sonnini  also  states  that  porous  lava  occurs  there^  which  is 
made  into  millstones. 

Argentiere,  antiently  called  Cimoli,  is  probably  connected 
"with  Milo  in  its  structure  as  well  as  its  situation.  It  hal 
obtained  its  modern  name  from  the  silver  mines,  which  wer^ 
formerly  worked  there,  but  are  now  abandoned ;  and  which 
probably  lie  in  a  trachytic  conglomerate,  like  those  of 
Konigsburg  in  Hungary.    Its  only  commerce  at  present  is 

+  Voyage  in  the  Levant,  vol.  i.  p.  116. 

t  Richardson's  Travels,  vol.  2,  p.  529.  See  also  a  notice  by  Sir  Erasmns 
Darwin  in  the  Ann.  of  Phil.  vol.  22,  p.  274.  Dr.  Thomson  in  vol.  14  of  the 
«anie  work,  hatj  given  an  analysis  of  the  hot  springs  that  occar  in  the  island. 
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in  a  white  heavy  tasteless  earth,  much  used  in  the  Levant  for 
cleaning  woollen  and  other  stut&.  It  has  a  gritty  feel,  and 
effervesces  according  to  Tournefori  with  acidB,  but  this 
statement  is  not  consistent  with  Klaproth's  analysis.*  Pliny  t 
calls  it  Creta  Cimolia,  and  mentions  its  uses,  one  of  which 
appears  to  ha^e  been  its  fitness  to  favour  the  generation  of 
niire-l 

It  appears  from  Olivier,  that  the  Cimolian  Earth  proceeds 
from  the  decomposition  of  trachyte,  caused  by  sulphureous 
vapours.  It  exists  in  Milo  as  well  as  Argentiere,  accom- 
panied with  gypsum  and  alum,  which  evidently  have  the 
same  origin.  Tlie  passage  of  the  earth  into  trachyte  is  very 
evident.^ 

The  only  EcientiHc  collection  that  has  ever  been  made  to 
illustrate  the  physical  structure  of  these  islands,  is  the  one 
given  to  the  museum  of  Freyburg  by  Mr.  Hawkins,  a  tra- 
veller, who,  unfortunately  for  geology,  could  never  be  per- 
suaded to  publish  any  account  of  his  researches. 

On  the  authority  of  these  specimens  Beudant  states,  that 
the  greater  part  of  Santorino,  Milo,  and  Argentiere,  conHistB 
of  semivitreous  trachyte,  accompanied  with  a  trachytic  con- 
glomerate, containing  organic  remains. 

It  appears  that  Cerigo,  the  antient  Cythera,  is  partly 
made  up  of  the  last  mentioned  material ;  for  I  find  from 
an  article  in  the  Journal  de  Physique  for  1799,  that  shells 
are  found  there  inclosed  in  stones,  having  a  volcanic  ap- 
pearance. [| 

•  Silic* (iS.OO 

Aluminii 23.00 

Iron 1.85 

Walet 18.00 

t  Pliny,  Lib.  33.  c  18. 

i   Seeiinaleon  thejjiiaBiieeinSlrabolib.  K.  in  which  thoi.lnndof  Cimolu» 
ii  menlionBd — Falconer'"  sdilion,  »ol.  2,  p.  707. 
S  Olivier'B  Travsla.  vol.  l,p.  323. 

H  Holland,  Travels,  p.  44,  <jueationB  the  volcBnic  origin  of  Ceriao,  but  he 
BdinilH  that  he  never  viiiled  il ;  Bndhia,  on  the  conlrsr);,  who  renided  lotna 
time  Itjerc,  nieiilion«  »  chstn  of  volcanic  hilJi  n  Iravtiriuiiu  Uie  island,  bee 
Ali  Bey's  Trav.  v.  J  .  p.  805. 
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•  These  stones  would  seem  to  eonsist  of  a  sort  of  pamiceew 
conglomerate,  like  that  of  Hungary,  and  are  accompanied 
•with  a  red  porphjrry,  probably  trachyte.  - 

It  is  stated,  in  this  memoir  that  the  bones  both  of  menand 
animals  are  met  with  in  one  of  the  mountains  of  this  isluid 
inclosed  in  limestone,  that  is  in  all  probability  incmsted  iit 
stalactite. 

Lemnos  is  another  of  the  islands  to  which  a  Tolcaiiic 
origin  may  be  assigned,  and  the  fable  of  Vulcan,  wfao^ 
when  expelled  from  heaven,  first  alighted  on  this  spot^ 
would  lead  us  to  suspect  either  that  some  tradition  prevaibi 
among  the  Greeks  as  to  the  existence  of  volcanic  phaanh 
mena,*  or  that  the  rocks  themselves  had  a  burnt  and  sterile 
aspect. 

The  latt^  is  the  manner  in  which  the  fable  is  explained 
by  Gralen,t  and  it  appears  from  modern  travellers  that  many 
parts  of  the  island  are  covered  with  pumice  and  ashes.:|: 

Choiseul  Gouffier  however  is  of  opinion,  that  the  volcano, 
firom  whence  these  products  were  derived,  is  now  sunk  in 
the  sea,  and  that  only  certain  portions  of  it  may  be  recog- 
nized  in  some  rocks  near  that  island.  || 

It  is  probable,  that  the  Lemnian  Earth,  famous  from  time 
immemorial  in  the  cure  of  diseases,  may  be  nothing  more 
than  a  decomposed  condition  of  trachyte,  since  it  is  found  to 

*  This  seems  to  be  alluded  to,  when  Philoctetes  calls  upon  Neoptolemos  t& 
put  an  end  to  his  sufferings  with  the  Lemnian  fire  that  was  rolling  round  hiou 

Sophocles.  Phil.  v.  SOOl 
4*  faturcti  y»§  ofjtMorarov  KiKotvfjuw  xarai  yt  rnf  xpo^y^   xau  iia  f 

GalcD,  ve^t  avXuif  (pa^^Maun* 
Lib.  ix.  c.  2. 
J  See  Dr.  Hunt's  paper  in  Wal pole's  Turkey. 

II  Vol.  i.  p.  79.  vol.  ii.  p.  130. 
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be  associated  with  volcanic  products,  and  would  seem  &oin 
analysis  to  consist  of  the  same  ingredients  as  that  rock  united 
in  proportions  not  very  diflferent,* 

tt  is  probable  that  these  are  not  the  only  spots  in  the  same 
part  of  Europe  which  have  been  produced  in  the  same  man- 
lier, for  pumice  and  similar  productions  are  noticed  by  tra- 
vellers as  occurring  in  the  Isle  of  Delos  and  other  localities- 
Further  information  is  however  wanted,  to  enable  us  to 
ascertain  the  source  of  these  productions,  for  it  may  be  said 
that  they  have  been  brought  from  a  great  distance,  and  con- 
stitute no  part  of  the  original  soil  of  the  place  in  which  they 
are  found. 

Neither  have  we  any  very  certain  informiaition  with  respect 
to  the  existence  of  volcanos  on  the  Continent  of  Greece^ 
though  many  phaenomena  are  alluded  to  both  by  antient 
and  modern  writers  that  seem  at  ^rst  sight  to  favour  such 
an  opinion. 

It  is  true  that  Lord  Byron  in  his  Childe  Harolde,  speaks 
of  the  mountains  of  Albania  as 

Nature's  volcanic  amphitheatre 
Chimara's  Alps. 

*  If  long  estftblish«d  belief  be  any  test  of  truth,  the  Lemnian  Earth  ought 
to  rank  -with,  our  most  approved  remedies ;  its  reputation  has  remaioed  unim- 
paired in  spite  of  all  the  changes  of  manners,  government,  and  religion,  that 
have  since  occurred ;  it  is  collected  at  present  with  the  same  superstitious 
ceremonies  by  the  Christian  as  by  the  Heathen  priest,  and  is  given  credit  for . 
equal  virtues  when  it  has  received  the  impress  of  the  Grand  Siguier's  signet, 
as  it  was  of  old  when  it  had  obtained  the  seal  of  the  chief  magistrate  of  the 
place;  its  estimation  has  survived  the  very  volcano  to  which  it  owes  its  exist- 
ence, and  has  continued  without  interruption  from  the  time  of  Philoctetes  to 
the  present.     (See  Choiseul  Gouffier.  vol.  2.) 

Yet  on  analysis  it  is  found  to  consist  merely  of 

Silex.... 66 

Alumina 14.50 

Oxide  Iron 6.0 

Water 8.50 

Natron 3.50 

Lime  and  magnesia  an  inappreciable  quantity. 

Its  external  characters  may  be  seen  described  in  Phillips'  Mineralogy. 
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AASkig  m  a  n^to'  tbat  tto  Ghimariot  moutitaiiur  appear  f6^ 
\mm  been  iK)l€aai«. 

On  examining  however  tlve  aeeeunt^  of  aiore  semitffiii 
travellers,  I  find  nothing  to  countenance  such  an  opimon, 
and  the  phaenomenon  which  probably  led  to  this  ntisti^ 
was  an  extrication  of  inflammable  gases,,  which  takes  pEiee 
on  the  Chimariot  mountains,  just  as  it  does  on  the  Appen- 
nines,  between  Bologna  and  Florence. 

I  have  the  authority  ofDbdwell  for  stating  that  sucE  is  the 
case  at  present,  and  that  it  was  equally  so  in  antient  timet 
we  Tearn,.  not;  only  from  several  antient  writers,  such  at 
*Btrabo,  Fliny,  -ffilian,  and  Plutarch,  who  speak  of  the 
occurrence  of  a  Nympheum  on  the  coast  of  modem  Albama 
near  Apoltonia,  celebrated  for  the  flumes  that  rose  con- 
tinually from  it,  but  likewise  from  the  existence  of  a  coin  of 
the  city  of  Apollonia,  which  represents  on  one  side  ApoUo, 
and  on  the  other  three  Nymphs  dancing  round  a  fire. 

This  however  is  plainly  connected  with  the  Asphalcum, 
which  is-  so  abundant  in  the  mountains  of  Albania,+  espe- 
cially near  Selenitza,  and  probably  has  no  reference  to  any 
thing  of  a  volcanic  nature. 

Megalopolis  in  Arcadia,  is  said. by  Pliny  to  have  a  burn- 
ing mountain  near  it,  but  it  is  difficult  to  say,  whether  any 
thing  more  is  meant  by  his  description,  than  a  flame  ema- 
nating from  the  ground  like  that  above  mentioned. 

I  am  not  aware  of  any  notice  with  respect  to  it  existing 
among  modern  travels. 

Such  likewise  appears  to  have  been  the  spontaneous  fire 
(J'  avroiMtrw  w^")  that  emanated  from  the  summit  of  Mount 

♦  Strabo  vii.  316.  Pliny  ii.  106.  ^Han  xiii.  16.  Plutareb  in  Syllt, 
p.  468.  See  also  the  singular  poem  on  thie  Hot-baths  of  Pythia,  which  will 
be  afterwards  alluded  to,  vs.  40. 

+  See  Strabo,  Lib,  7, 4^.  Dion  Ca€9iu»,  Hist.  4.-  and  Holland's  Travels  in 
Albania. 


Farnassu&«  It  must  be  supposed  to  hafse  proceeded  fixxit 
both  its  peaks,  a3  the  poets  speak  of  tlaie  ^'  imofvpmh  9AmF^ 
of  th0  sacred  mountain^*  aad  diougb  some  ha^e  iaterpeeted 
these  passages  as  alluding  to  the  sacrificial  fires  that  were  so 
frequent,  it  seems  more  simple  to  imagine,  that  some  natural 
phsenomenon  of  the  kind  alludedt  to  really  existed,  j: 

As  however  it  appears  from  Dr.  Clarke'b  account||  that  all 
the  higher  parts  of  Parnassus  are  of  limestone,  containing 
Entrochi  and  other  organic  remains,  we  cannot  for  a  moment 
entertain  the  idea,  that  the  phenomenon  itself  was  connected 
with  any  really  volcanic  cause. 

I  know  not  what  to  think  of  the  statement  of  Strabo  wittt 
respect  to  a  phsenomenon  that  occurred  in  the  Lelantid 
fields,  near  Chalcis  ia  Eubcea,  and  which  Humboldt  has 
cited  in  proof  of  volcanic  action  manifesting  itself  in  that 
locality. 

It  is  said,  that  in  the  Lelantic  fields  an  earthquake  took 
place,^  which  did  not  cease  until  a  chasm  opened  in  the 
earth,  from  whence  a  stream  of  hot  mud  was  vomited  forth. 

It  is  possible  that  the  above  phaenomenon  may  have  been 
of  the  same  nature  with,  that  of  Macaluba  in  Sicily,  and 
therefore  be  connected,  if  at  all,  at  least  very  remotely,  with 
volcanic  action ;  but  this  can  be  only  ascertained  when  the 
physical  structure  of  Eubcea  has  been  determined  by  some 
geological  traveller. 

Mr.  Hobhouse,!  the  only  person  who  seems  to  have  no- 
ticed the  rocks  of  this  island,  remarks,  that  there  is  one  next 

♦  Phsenissee,  v,  225, 

"¥  This  seems  to  be  the  opinion  of  £lmsley,  as  appears  from  his  note  on  vs. 
306  of  the  Bacchs  of  Euripides. 

f  It  seems  npt  unlikely,  that  certain  gaseous  exhalations  that  emanated 
from  the  ground  on  the  site  of  the  oracular  shrine  of  Delphi,  may  have  co- 
operated wfth  the  enthusiasm  of  the  moment  in  bringing  on  the  divine 
eostacies  of  the  priestess. 

II  Clarke,  vol.  4,  p.  207. 

§  (A19  vavta^at  $1  aitoiJLtrvf  rnv  vnawi  KCtrai  roc  /eai^,  nr^tv  if   yoto'fjLat  yins 

avoi^Qn  n  ru  AtXavru  viittf^  wiKu  itacwvpa  Tor^fAov  tfyfMtat*     btrabc,  1.'  1. 
P.b^,  Bd.F4ic.. 

1  Travels  in  Albania. 


840  Coniinent  of  Greece. 


.to  the  hills  of  Chalcis  which  presents  a  singular  appewance, 
being  of  a  red  colour,  and  rent  from  top  to  bottom,  witk  a 
huge  chasm  extending  into  the  bowels  of  the  mountains 

The  neighbourhood  of  Trcezene  in  Argolis,  would  appear 
from  Ovid  to  have  been  the  seat  of  a  volcanic  eruption, 
which  created  an  entire  mountain,  just  in  the  same  manner 
as  in  the  last  century  the  mountain  of  JoruUo  was  elevated 
in  the  midst  of  the  Table  Land  of  Mexico. 

The  description  of  Ovid  is  so  applicable  to  both  these 
events,  that  I  have  introduced  an  extract  from  it  in  the 
Frontispiece  of  this  work,  which  represents  the  mou^iitain 
JoruUo  as  described  by  Humboldt. 

.    The  following  is  the  entire  passage  c 

Est  prope  Pithaeam  tumalus  Troezena,  sine  nllis 
Ardims  arboribus,  quondam  planiasima  campi 
Area,  nunc  tumulus ;  nam  (res  horrenda  relatu) 
Vis  fera  ventorum,  caecis  inclusa  cavernis, 
Exspirare  aliqua  cupiens,  luctataque  frustra 
Liberiore  frui  coelo,  cum  carcere  rima 
Nulla  foret  to  to,  nee  pervia  flatlbus  esset, 
Extentara  tumefecit  humum ;  ceu  spiritus  oris 
Tendere  vesicam  solet,  aut  direpta  bicomis 
Terga  capri.    Tumor  ille  loci  permaqsit ;  et  alti 
CoUis  habet  speciem,  longoque  induruit  aevo. 

Metamorph.  1. 15. 

It  is  probable  that  Strabo*  may  refer  to  the  same  event, 
where  he  speaks  of  a  tract  of  land  seven  stadia  high^  being 
elevated  round  about  Methone,  owing  to  some  exhalation  of 
an  igneous  nature,  for  these  two  places  are  so  near  to  each 
other,  that  they  might  very  readily  be  confounded. 

Diodorus  Siculust  relates,  that  Phaedra,  when  enamoured 
of  Hippolytus,  consecrated  a  temple  to  Venus  upon  the 
Acropolis  of  Athens,  from  whence  she  could  discingai^ 
Troezene,  the  residence  of  the  object  of  her  passion. 

♦  Ed.  Falc.  vol.  i.  p.  87. 
T^ot^mvoi*     B.  4.  c.  62. 
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Now  Dodwell*  remarks,    "  that  the  promontory  of  Me- 
thone^  which  at  present  obstructs  the  view,  not  only  of 
Athens,  but  of  its. loftiest  mountains,  might  possibly,  in  the 
time  of.  Phaedra,  have  been  a  flat  surface,  or  not  even  have 
iBxisted  at  all,  ds  the  whole  df  that,  at  present  mountainoiM 
tract,  lias  evidently  been  thrown  up  by  the  powerful  opera- 
tion of  a  volcano,  which,  according  to  Pausanias,  happened 
in  the  time  of  Antigonus.    Were  the  promontory  removed, 
Athens  might  be  seen    over  the    northern   extremity    of 
-Egina,'* 
It  would  appear  from  Strabo,  that  even  in  his  time  the 
.rage  of  the  volcano  was  not  exhausted,  for  he  says  that  the 
mountain  was  sometimes  inaccessible  from  th^  intensity  of 
the  heat  winch  it  occasioned,  and  the  sulphureous  odour 
which  it  difiused. 

He  adds,  that  it  was  visible  at  night  from  afar,  and  that 
the  sea  was  hot  for  five  stadia  round.  > 

Chandler,  who  visited  the  spot,  merely  mentijons  as  stiU 
existii^,  the  hot  springs  about  3i  miles  from  Methpne,  which 
first  appeared  after  the  eruption  in  the  reign  of  Antigonus. 
The  springs  are  on  the  side  of  the  mountain  near  a  village, 
and  tinge  the  soil  near  them  with  the  colour  of  ochre. 

The  rocks  before  Methone,  in  the  mouth  of  the  bay,  were 

called  the  Islets  of  Pelops.  .  Thiey  'were  nine  in  number^ 

produced,  it  is  probable,  by  the  volcano,' and  at  one  time 

.  bare;i    Some  shrubs  grew  upon  them   at  the  time  when 

Chandler  visited  the  spot.t 

I  know  not  whether  We  afe  warranted  in  attributing  a 
volcanic  origin  to  any  part  of  Pallene  in  Macedonia,  a  pe- 
ninsula bordering  on  the  Gulph  of  Salonica,  and  terminating 
in  Cape  Paillouri.  It  is  mentioned  by  Apollodorus  as  one 
of  the  spots  assigned  by  the  poets  as  the  birth-place  of  the 

•  Dodwell's  Classical  Tour,  vol,  «.  p.  S72. 
+  TraveU  in  Greece,  ch.  H. 
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Giants,  one  of  whom,  Alcyoneus,  is  said  to  have  been  tbrast 
out  of  it  by  Hercules,  and  the  Phlegrean  fields,  which  in 
later  times  were  placed  either  in  the  vicinity  of  Mount  Etna 
or  of  Naples,  appear  antiently  to  have  been  fixed  in  thfs 
peninsula,  for  Heyne  observes,*  that  by  Phlegra  and  Pat 
lene  is  meant  the  same  country,  the  latter  peninsula  being 
remarkable  for  earthquakes  and  subterranean  fires.  The 
same  commentator  further  observes,  I  know  not  on  what 
authority,  that  the  very  aspect  of  this  spot  even  at  the  pie- 
sent  time  proves  the  agency  of  earthquakes  and  subterraQeaa 
fires ;  but  I  do  not  find  this  statement  confirmed  by  modeni 
travellers,  on  the  contrary  Dr.  Holland  states  that  the  penin- 
sula is  in  part  at  least  of  primitive  formation,  t 

Dodwell  conjectures  that  the  mountains  near  the  Paas  of 
ThermopylsB  are  volcanic,  but  he  produces  no  better  evi- 
dence than  the  story  of  Hercules  and  Deianira's  tunic,  which 
seems  somewhat  far-fetched.:]: 

Omitting  however  these  more  questionable  proofs  of  vol* 
canic  agency,  let  us  proceed  to  the  neighbourhood  of  Con- 
stantinople, where  at  least  the  most  unequivocal  indications 
of  subten*anean  fire  are  manifested  in  the  nature  of  the  rocks 
themselves. 

Dr.  Clarke  in  his  Travels  has  noticed,  that  the  Cyanean 

*  See  Ileyn^  Annot.  in  Apollod.  p.  89,  and  his  Dissert,  de  Theog.  Htt.  in 
Coram.  Gott.  v.  2.  p.  151. 

'I'  It  may  he  as  well  to  notice  a  passage  of  Lucretius  relating  to  another  part 
of  the  same  country,  by  way  of  directing  the  attention  of  future  trmTelkn. 
Scaptesula,  the  spot  alluded  to,  was  near  Abdera  in  Thrace. 

Nonne  vides,  etiam  terr&  quoque  sulphur  in  ips& 
Gignier,  et  tetro  concrescere  odore  bitumen  ? 
Denique  ubi  ai^nti  venas  aurique  sequuntur 
Terral  penitus  scmtantes  abdita  ferro, 
Qualeis  exspirat  Scoptemla  subter  odores? 

LvcRET.  Lib.  6.  V.  SiiO. 

Scaptesula  was  the  place  mentioned  as  belonging  to  Thucydides,  in  Cinum't 
life,  but  I  am  inclined  to  think,  that  Lucretius  alludes  to  sulpdmreom  Tft- 
pours  arising  rather  from  the  metallic  ores  that  occur  there  (of  which  Plutarch 
speaks)  than  from  any  volcanic  appearances. 

^   Classical  Tour,  vol.  S.  p.  126. 
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i-ocks  at  llie  entrance  of  the  Bosphorus  consist  of  substances 
more  or  leas  modified  by  fire,  containlag  fragments  of  lava^ 
trap,  basalt,  and  marble,  together  with  veins  of  agate, 
chalcedony,  and  quartz.  He  also  speaks  of  the  ranges  of 
basaltic  pillars  on  the  Asiatic  side  of  the  strait. 

Tiie  most  detailed  account  however  of  this  formation  is 
given  by  General  Andreossi  in  hin  Remarks  on  the  Lilhology 
of  the  Bosphorus. 

He  states  that  the  mountains  of  Bilhynia,  on  the  side  of 
the  Bospliorus,  are  composed  of  calcareous  beds  of  a  blue 
colour,  and  without  shells. 

From  Bucak-lcman,  however,  on  the  European,  and 
Kelscheli-leman  on  the  Asiatic  side,  we  observe  a  succeasion 
of  irregular  and  black-looking  rocks,  made  up  of  a  congeries 
of  angular  fiagments  of  a  sombre  grey  colour,  traversed  by 
veins  of  chalcedony,  and  containing  masses  of  compact 
felspar  passing  into  basalt. 

Cordier  says  that  they  consist  either  of  a  basaltic  wacke, 
having  a  porphyritic  character — of  a  porphyritic  lava  with  a 
clinkstone  basis — of  an  imperfect  obsidian  porphyry — or  of 
a  clay  porphyry  with  green  earth. 

It  is  of  a  similar  trachytic  material  (tephrine  of  Cordier) 
that  the  Cyanean  rocks  ai'e  composed,  but  the  substratum 
on  which  they  rest,  is  a  series  of"  horizontal  beds  consisting 
of  wacke. 

At  Youm  Bournou,  on  the  Asiatic  side,  is  a  congTomerate 
traversed  by  prisms  of  basalt,  the  extremities  of  which  cap 
the  mountain. 

The  Crommyon,  a  rock  about  80  feel  high,  is  composed 
of  clinkstone. 

In  the  Gulph  of  Kabakus,  the  same  observer  found  obsi- 
dian porphyry,  clinkstone  porphyry,  passing  into  basalt,  and 
of  the  common  kind,  and  clay  porpbyry  penetrated  by  a  vein 
of  saccharoid  limestone.  It  appears  that  the  borders  of  the 
Black  Sea  consist  of  a  brecchia  formed  of  marine  shells, 
together  with  stalagmitical  limestone  and  bituminous  wood 
in  beds. 

q8 
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Connected  probably  with  this  formation,  are  the  hot  baths 
of  Pytbia,  in  Bithynia,  beyond  Mount  Olympus,  and  pretty 
far  towards  the  eastern  side,  which  are  mentioned  by  seVi 
aiitient  writers. 

A  friend  has  pointed  out  to  me  a  curious  passage  refei 
to  them  in  the  4th  volume  of  Jacob's  reprint  .of  Bsrunyck'i 
Authology,  in  which   is  inserted  a  singular,  though  ia?«» 
elegant  and  almost  barbarous  poem,  of  Paulus  Silentiari,a«ft^v 
(SfXtrr/ofiof)  chief  silence-keeper*  to  the  Eknperor  Justiniam.^ 
In  speculating  on  the  cause  of  the  heat,  the  author  choosey 
a  theory  very  similar  to  that  which  prevails  at  present  wit[|a 
respect  to  many  hot  springs  not  supposed  to  be  connect&cl 
vnth  volcanic  phsenomena. 
"  It  is  conceived,"  he  says,+  "  by  some,  that  there  are  narn^nr. 

r 

*  An  o9cer  of  high  dignity  in  the  Imperial  palace  of  Constantinople. 

ttveu  s'nau  vottO'if* 

AXXoI  X«y«7i  T8T0* 

ro  ystrovtiv  tn  vaiMt 
^iffxms  rv^of  Qtouots 
naru  fjAviif  UK  tay^ov 
atu  rqtxj^n  tu  vKffiu, 

r^mrov  rt  (AMfrv^tto'ct*  .  . 

Ovrw  TTfonXde  *notat 
TO  ^i^fJMphjsov  f ftd^or, 
Iirwox^«T»y  «\J/y;^off 


Vel.  4.  p.  64. 
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fissures  below  the  earth;  that  opposing  currents  of  water 
meeting  from  various  quarters  are  compressed,  and  by  that 
comf>ression  acquire  no  ordinary  heat.  Others  on  the  con^ 
trary  say  that  in  the  recesses  of  the  earth  there  are  some- 
where sulphureous  ores;  that  the  neighbouring  stream 
therefore,  meeting  with  a  violent  heat,  from  its  inability  to 
remain  below,  rushes  upwards  in  a  mass. 

Which  opinion  will  my  readers  adopt?  The  former? 
I  do  not  myself  embrace  this :  I  agree  with  the  latter  one. 
For  there  is  a  mephitic  offensive  stench  clearly  proving  it.    . 

'Twas  thus  the  hot  bubbling  fluid  issued  for  the  benefit 
of  mankind,  an  inanimate  Hippocrates,  a  Galen  untaught 
By  art.'' 

We  hear  also  of  volcanic  phaenomena  in  the  little  Island 
of  Taman,  which  connects  the  chain  of  mountains  traversing 
the  Peninsula  of  Crimea  with  the  Asiatic  Continent. 

From  the  best  accounts  however  that  have  been  trans- 
mitted to  us  respecting  this  pbsenomenon,  such  as  those  of 
Pallas  and  Heber,  it  seems  not  very  probable  that  the  cause 
is  connected  with  real  volcanic  action, 

Pallas  represents  the  eruption  a9  beginning  with  a  thick 
smoke,  followed  by  a  column  of  flame  fifty  feet  in  height, 
which  continued  for  eight  hours  and  a  half  incessantly, 
during  which  time  streams  of  mud  flowed  in  all  directions, 
but  no  lava  or  altered  masses  of  stone  were  ejected. 

The  accounts  given  by  Mr.  Heber  in  his  Mt.  Journal 
attached  to  Dr.  Clarke's  Travels,  is  such  as  fully  confirms 
this  Tiew,  and  renders  it  highly  probable  that  the  phaeno- 
menon  is  altogether  analogous  to  that  of  Macaluba  in  Sicily. 
The  same  traveller  informs  us,  that  a  sulphureous  spring,  like 
Harrowgate  water,  exists  near  the  spot. 

It  is  true  that  Dr.  Clarke  found  on  the  coast  loose  frag- 
ments of  lava,  but  these  he  supposes  to  have  been  brought 
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from  Italy  as  ballast,  and  to  be  quite  unconnected  with  the 
processes  before  alluded  to.* 

-      ;    Jl:, 

Returning  from  this  extreme  point  of  Eun^  .to  the 
Mediterranean,  we  have  yet.  to  mi^ntion  the  volcanic  locb 
that  occur  on  the  western  surface  of  Sardiiua,  of  whidi  an 
account  has  recently  appeared  in  the  Annides  du  Mnstet 
for  1824- 

It  may  be  collected  from  this  statement,  that  the  Yolcanoi 
occur  in  almost  every  case  in  groupes  of  greater  or  less 
extent ;  and  that  they  in  general  repose  on  rocks  bdonging 
to  the  most  recent  order  of  formations.  '  > 

Part  of  these  products  are  of  a  date  posc^or  to  the  ex- 
cavation of  the  Tallies,  but  others  are  distinctly  recogami 
as  anterior  to  that  event.  Thus  in  the  south  of  the  iabuad, 
between  the  village  of  Nurri  and  the  plain  called  Campi-^ 
dano,  the  calcareous  rocks  of  the  country  are  capped  by  a 
platform  of  well-characterized  lava^  which  follows  the  gene- 
ral inclination  of  the  country  from  east  to  west. 

The  name  given  to  these  platforms  is  Giarra,  and  there 
are  several  of  them,  such  as  the  Giarra  de  Serri,  de  Ges- 
tori,  &c. 

The  inclination  of  the  beds,  the  direction  of  the  cells,  and 
the  abundance  of  the  lava  which  is  found  alike  on  the  sum- 
mits of  all  the  calcareous  and  marly  hilk  of  this  neighbour- 
hood, lead  to  the  belief  that  their  origin  is  in  all  cases  the 
same,  or  that  they  belong,  to  speak  more  correctly,  tO'  one 
and  the  same  current  that  proceeded  from  a  crater  near 
Nurri,  at  an  epoque  antecedent  to  the  period  at  which  the 
vallies  were  excavated. 

The  craters  are  in  great  measure  effaced,  and  it  is  only 
with  hesitation  that  our  author  admits  that  there  exist  traces 
of  any.  In  his  search  he  was  directed  rather  by  the  shape 
and  direction  of  the  cells  found  in  the  lavas,  than  by  the 
actual  form  of  the  masses  themselves. 

*  For  a  further  description  of  this  phaenomenon,  see  Engelhardt  and  Parrot 
Rei^e  in  dem  Krym  and  dem  Kaukasus,  page  69. 

*  The  autiior*s  name  is  Mons.  de  la  Marmora. 
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Among  the  volcanic  fbrmatioiis  of  this  island,  the  pre- 
dominant rock  is  a  felspathic  (peti'osiliceuse)  porphyry.  Il 
constitutes  two-lhirds  of  the  lithoide  lavas  of  the  country. 
It  occurs  in  great  massee  on  the  two  islands  already  cited  ; 
among  the  mountains  of  Ales,  Bortigali,  and  the  environs 
ofMacomer;  forms  a  large  i»riion  of  the  mountains  called 
Villa  Nuova,  Monte  Leone,  and  Bosii;  and  is  found  at  last 
at  Ploaghe,  near  Osilo  and  Castel  Sardo,  where  it  passes  into 
obsidian. 

The  most  remarkable  variety  whith  this  porphyry  presents, 
19  a  rock  of  a  prismntic  form,  with  a  fine  rosy  hue,  often 
ramified  witli  dendrites.  It  was  obsierved  at  the  islands  of 
St.  Pierre,  St.  Antioco,  and  Isoia  Prima.  Those  portions 
vrhich  are  preserved  from  the  action  of  air  and  light,  retain 
a  very  briglit  colour,  the  lustre  of  which  is  relieved  by  fine 
ramifications  of  very  large  and  varied  dendrites. 

This  is  the  only  prismatic  rock  observed  in  the  island. 

The  Island  of  St,  Antioco  is  also  very  rich  in  pearlstone, 
which  constitutes  part  of  a  species  of  conglomerate  or 
breccia,  inclosing  likewise  other  substances. 

This  pearlstone  seems  to  have  been  rolled,  and  occurs  in 
masses  from  the  size  of  a  nulio  that  of  twice  or  thrice  a  man's 
head.     It  is  always  accompanied  with  Puzzolana. 

Glassy  obsidian  with  a  conchoidal  fracture,  occurs  in 
the  Island  of  St.  Peter's,  on  the  summit  of  Trebina,  near 
Ales,  &c. 

True  pumice  has  not  been  met  with.  Red  jasper  abounds, 
especially  in  the  Isle  of  St.  Peter,  and  in  the  volcanic  rocks 
of  Alghero,  Eteri,  and  Bosa. 

Basaltic  lavas,  often  scoriform,  form  the  greatest  part  of 
Mount  St.  Lussurgio  and  Caglieri.  On  the  eastern  flank  of 
this  mountain  we  see  the  lava  that  tlowed  fjoin  the  extinct 
crater  of  Lussurgio. 


There  appear  to  be  some  indications  of  volcanic  action 
likewise  in  the  Spanish  Peninsula. 

Thus  Dr.  Maclure,  the  American  Geologist,  iiK-iilions  in 
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a  letter  to  Delametherie,  published  in  the  Journal  de  Phy- 
sique,* and  dated  12th  February,  1808,  that  haying  passed 
the  Pyrenees  to  go.  to  Barcelona,  he  found  in  the  bed  o£die> 
/luvia  lavas  and  scoriae.  He  ascended  towards  the  acoaroQ 
of  the  river,  traversed  four  leagues  of  a  volcanic  country 
round  Ollot,  and  observed  there  several  streams  of  lava,, 
volcanic  cinders  or  Puzzolana,  and  lastly  craters  not  yet 
effiu:ed.  This  \olcanic  district  extends  from  six  to  eight 
leagues  to  the  south  beyond  Amera,  where  in  1428  there 
was  an  eruption  which  destroyed  Ollot,  and  left  only  cme 
house  standing.  He  found  much  lava  in  the  bed  of  the 
River  Tor,  and  traversed  near  Massanite  a  current  of  antient 
lava,  almost  a  league  in  breadth,  in  a  state  of  decompoaitioii, 
and  .covered  by  an  alluvial  soil.  From  Massanite  to  Ollot 
is.  a  distance  of  fifteen  leagues,  so  that  the  theatre  of  volcanic 
action  in  these  countries  is  much  more  extended  than  that 
around  Vesuvius. 

In  the  American  Journal  of  Science,f  there  is  also 'a 
notice,  respecting  some  specimens  of  volcanic  rocks  from 
Murcia  in  Spain,  four  miles  west  of  Jumella.  They  are 
antient  lavas,  having  their  cells  filled  with  phospluUe  of 
lime.  They  are  thrown  up  from  beneath  a  compact  shelly 
limestone.  Being  covered  also  by  calcareous  deposits,  it  is 
to  be  presumed  that  the  volcano  itself  was  submarine. 

There  appear  likewise  to  be  indications  of  volcanic  action, 
in  Valentia  at  Cape  di  Gaieta  near  Almeira,  and  on  the 
opposite  side  of  the  Peninsula,  the  chain  of  mountains  that 
separates  Portugal  on  its  southern  extremity  from  the  pro- 
vince of  Algarve,  and  terminates  in  Cape  St.  Vincent,  is  said 
to  be  in  many  places  traversed  by  volcanos.  The  unhappy 
condition  of  the  Peninsula  has  however  for  many  years  past 
thrown  such  obstacles  in  the  way  of  travelling,  that  we  are 

•   Vol.  66,  p.  266. 

■^   Vol.  8.  No.  I.  p.  187. 
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even  less  informed  viixh  regard  to  its  geological  structure^ 
tliah  we  are  respecting  many  parts  of  America,  or  even  of 


Asia. 


Dolomi^u*  has  however  noticed  alternations  of  basalt 
and  limestone,  as  occurring  near  Lisbon.  North  of  that 
capital  the  limestone  rests  on  the  basalt,  but  on  the  road 
from  Cintra  to  Maffira,  the  two  rocks  are  intermixed. 

In  a  mountain  a  league  from  Maffira,  at  the  foot  of  which 
the  Lisbon  road  passes,  basalt  is  seen  on  the  summit  resting 
on  limestone.  This  basalt  is  of  a  semivitreous  character,' 
and  is  coated  with  a  sort  of  enamel-like  porcelain.  The 
calcareous  rock  which  alternates  with  it  is  pronounced  by 
Bowdicht  to  belong  to  the  tertiary  class. 

Dolomieu  notices  also  in  the  province  of  Biera  in  Por- 
tugal, a  mountain  called  Siera  de  I'Estrella,  the  Mons 
Herminius  of  the  antients,  which  is  very  lofty,  is  of  a  conical 
form,  and  emits  an  hollow  sound  when  we  tread  upon  it,  as 
though  it  contained  caverns.  On  the  summit  is  a  large 
excavation  with  a  lake  at  bottom,  through  which  bubbles  of 
air  arise.    At  its  base  are  columns  of  basalt. 


ON  THE  VOLCANOS  OF  AFRICA. 

The  most  unequivocal  proofs  of  igneous  agency,  that 
occur  in  this  portion  of  the  globe,  are  exhibited  in  the 
islands  that  may  be  considered  as  dependencies  of  the  great 
African  Continent. 

The  whole  group  of  the  Canaries,  for  example,  seems  to 
be  placed,  as  it  were,  within  the  sphere  of  the  same  sub- 

*  See  Dolomieu^s  Letter  to  Faujas  St.  Fond  in  his  work  **  Sur  les  Vokant 
du  Vivarais." 

+  See  Bowdicli's  Postliumouti  Work. 
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marine  volcano,  for  although  vestiges  of  other  rocks  are  to 
be  met  with,  as  granite  and  mica  slate  in  Gomei%  and 
limestone  in  the  Great  Canary,  Fortaventura,  and  Lanxe* 
rote,  yet  none  of  these  islands  are  exempt  firom  occasional 
manifestations  of  the  same  igneous  action. 

The  most  remarkable  phaenomena  arising  from  the  above 
cause  occur  in  tht^  Island  of  Teneriffe,  where  the  lofty  p^ 
ofTeyde,  though  tranquil  at  present  on  its  summit  still 
exhibits  on  its  flanks  occasional  evidences  of  the  same 
volcanic  action,  from  which  the  rocks  composing  its  cplossal 
structure  seem  wholly  to  be  derived. 

In  considering  this  island,  we  must  in  the  first  place  dis- 
tinguish between  the  productions  of  the  actual  volcano,  and 
the  range  of  basaltic  rocks  surrounding  it.  The  latter  do 
not  rise  to  an  height  of  more  than  five  or  six  hundred  toises, 
whilst  the  elevation  of  the  peak  itself  is,  according  to  Hum- 
boldt, 1909  toises.* 

It  is  through  the  midst  of  this  basaltic  formation  that  the 
rocks  constituting  the  principal  mass  of  this  volcano  have 
been  protruded,  and  hence  we  may  characterize  the  two 
classes  under  the  name  of  antient  and  modern  lavas,  just  as 
has  been  done  in  the  case  of  those  which  are  found  at  the 
foot,  and  which  compose  the  mass  of  Mount  Etna. 

The  modern  lavas  however  of  the  peak  admit  likewise  of 
a  two-fold  division,  1st,  into  those  composing  the  nucleus  of 
the  mountain,  which  are  of  a  tracliytic  character,  and  appear 
to  have  been  forced  up  through  the  midst  of  the  older 
basalts,  and  Sdly,  into  the  products  of  the  volcanic  action  to 
which  this  central  mass  furnished  an  appropriate  vent. 

The  latter  are  very  various  in  their  nature  and  characters: 
we  may  distinguish,  first,  the  lavas,  which  have  sometimes  a 
stony,  and  sometimes  a  vitreous  aspect ;  and  secondly,  the 
loose  ejected  masses,  such  as  pumice,  obsidian,  and  lapilli. 

♦  Tliat  18  (reckoning  tlie  toisc  at  6  feet  4  inches  English)  12,090  fecL 
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■•  Of  the  lavas,  such  as  have  a  stony  aspect,  appear  to  be 
xenfined  to  a  comparatively  lovir  elevation,  and  to  have  pro- 
teeded  exclusively  from  the  Banks  of  the  volcano — ^whilst 
1(he  vitreous  are  found  only  near  the  summit,  die  lowest 
bint  at  which  they  occur  being  SOOO  feet  above  the  level  of 

'  The  source  of  the  latter  description  of  lavas  appeal's  to 
^ave  been  the  adjoining  mountain  Chahorra,  which  holds 
^e  same  relation  to  the  peak,  that  the  Monte  Rossi  do  to 
Mount  Etna,  being  a  sort  of  appendage  to  the  principal 
'falcano,  and  produced  by  one  of  its  lateral  eruptions. 
Humboldt  nevertheless  mentions  one  stream  of  vitreous 
Jfiiva  as  having  been  traced  to  the  very  summit  of  the  peak, 
Hvhere  there  exists  a  circular  cavity,  which  must  be  consi- 
rred  at  present  in  the  light  of  a  Solfatara  rather  than  of  a. 
Itatcr,    as  it  is  never  known  to   emit  flames,  thougli  sui- 
ts acid  vapours  constantly  arise  from  it.     It  would 
%ppear  however,  tliat  it  has  in  former  times  given  vent  not 
'^nly  to  the  stream  of  lava  above  noticed,  but  likewise  to 
*  lowers  of  pumice  and  obsidian,  loose  masses  of  which  strew 
the  upper  part  of  the  mountain. 

The  latter  description  of  ejected  masses  does  not  appear  to 
sxtend  to  the  lower  parts  of  the  mountain,  the  surface  there 
feing  mostly  covered  by  rapilli,  consisting  of  black  lava, 
tossessing  more  of  a  stony  aspect,  not  mixed  with  either 
Ibsidian  or  pumice. 

'  This  latter  distribution,  says  Humboldt,  seems  to  confirm 
the  obaervat ion  made  a  long  time  ago  at  Vesuvius,  that  the 
white  ashes  are  thrown  out  last,  and  indicate  that  the  erup- 
tion is  at  an  end.  In  proportion  as  the  elasticity  of  the 
vapours  diminishes,  the  matter  is  thrown  to  a  less  distance ; 
and  the  black  rapilIi,  which  issue  the  first,  when  the  lava 
haa  ceased  flowing,  must  necessarily  reach  farther  than  the 
'hite  rapilli.  The  last  appear  to  have  undergone  the  action 
He  intense  fiie. 
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The^sixe  of  .the  crater .  that  exists  in  the  summit  of  the 
Peak  is  diminutive  compared  with  that  of  Etna  -or  of 
Vesuvins^^being  only  300  feet  in  its  greatest,  and  200  in 
its  lesser  diafiieter,  whilst  its  depth  does  not  exceed  100  feet; 
.  Indeed  it  may  be  remarked  in  general,  although  the  rule 
is  liable  to  exceptions,  that  the  dimensions  of  a  crater  me 
in  an  inverse  ratio  to  the  elevation  of  the  mountain ;  for  in 
pn^rtion  to  the  height  which  the  ejected  ma3se8  must 
attain  before  they  reach  the  orifice,  vdll  be  the  resistance  te 
be  overcome  in  forcing  a  passage  by  this  channel,  so  jthat  in 
a  mountain  like  the  Peak  of  Tenenfife,  the  force  appUe4 
will  in  most  instances  be  instrumental  in  creating  apertures 
m  ihe  flanks  of  the  mountain,  rather  than  in  enlai^ng  the 
•cavity  on  its  summit. 

.The  existenoe  nevertheless  of  this  chimney  preserves  the 
island  in  Von  Buch's  opinion  from  those  destructive  erup- 
tions which  convulse  some  of  those  adjoining  it,  ance 
elastic  vapours,  the  immediate  and  necessary  concomitants 
of  volcanic  action,  thus  find  a  readier  vent,  and  confine 
their  violence  to  the  immediate  precincts  of  the  volcano. 

We  must  not  however  go  so  far  as  to  suppose,  that  Tene- 
riffe  itself  is  altogether  exempted  from  those  convulsions  of 
nature  which  are  so  common  in  the  neighbouring  islands. 

Its  lofty  peak,  although  it  may  act  as  a  safety  valve,  and 
moderate  the  violence  of  the  volcanic  action  by  determining 
it  to  a  point  at  which  it  can  obtain  a  vent,  proves  nevertheless 
from  this  very  circumstance  a  dangerous  neighbour  to  the 
towns  that  lie  underneath  it.  In  the  years  1704  and  1706 
•lateral  eruptions  took  place  from  the  Peak,  the  latter  of 
which  destroyed  the  port  of  Garachico,  the  finest  and  most 
frequented  harbour  in  the  island.  In  1798  too,  the  moun- 
tain Chahorra  threw  out  lavas  and  scoriae  for  the  space  of 
more  than  three  months,  and  the  violence  of  the  eruption 
may  be  judged  of  by  the  fact  mentioned  by  Humboldt  on 
the  authority  of  a  eye  witness;  nainely   tliat  considerabb 
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ftogmeiits  of  stones  were  thrown  to   such  an   height,  lliat 
ftom  twelve  to  dfleen  seconds  were  reckoned  during  their, 
descent.     This  curious  observation  proves,  lliat  rocks  were 
projected  from  this  crater   to  a  height  of  3000  feet  and 
jBpwards. 
:  Before  I  conclude  the  subject  we  are  upon,  I  may  remark^ 
V  strikingly  the  ditTerence  between  the  volcanic  products- 
F  Teneriffe  illustrates  the  manner,  in  which  the  effects  of 
leal  are  modified  in  such  cases  by  the  influence  of  pressure. 
At  the  bottom  of  the  mountain  are  the  basaltic  lavas  or 
s,  which  being  produced  probably  under  the  ocean,  and 
a  very  remote  period,  are  compact  and  possess  a  stony 
-fiacture.     Through  these  have  been  protruded  the  trachytes 
'bf  the  peak,  which,  having  had  the  resistance  of  so  large  a 
>4>ody  of  rock  to  overcome,  also  possess  a  considerable  degree 
f  compactness. 

This  conical  and  upheaved    mass  having  become  the 
eentre  of  the  volcanic  operations  subsequently  carried  on, 
A  surrounded  by  products  of  later  formation,  some  of  wlucli 
•were  ejected  from  the  summit  at  a  time  when  a  free  channel 
f  communication  existed  between  It  and  the  interior  of  the 
)tokano,  others  from  the  flanks  at.  a  later  period,  when  the 
lerture  had  become  obstructed  by  the  falling  in  of  its 
iddes,  or  the  accumulation  of  ejected  substances.   It  is  clear, 
lat  in  either  of  these  cases,  the  pressure  exerted  u}x>n  the 
Hibstance  whilst  in  a  melted  state  was  less  considerable  lliaa 
that  which  prevailed  during  the  formation  of  the  submarine 
■  even  of  the  trachyte,  and  hence  it  is  found  to 
sess  more  of  a  vitreous  aspect,  and  is  more  completely 
Knetrated  with  cells.* 
The  remaii>der  of  this  group,  as  described  by  Von  Buch,t 

•  The  pumice  ntver  cov-cri  any  oftlie  currcotaof  lavB,  «  proafof  iW  greater 
itiquity.    See  VcD  Buch.     In  Leonh.  Min.  Tascli.  4  part.  1833. 
1+  Sec  the  Transactions  of  the  Rayal  Academy  of  Berlin,  for  the  valuable 
tmoiriof  VonBuch — on.Craten  of  Elevation — and  on  tlie  Iblaad  of  Lnu- 
irole.     Iljie— 19. 
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appears  to  consist  of  Hiibmarine  lavas,  similar  to  those  which 
I  have  described  as  forming  the  basis  of  the  Island  of  Tene- 
riffe.  The  strata  of  which  they  are  constituted  lie  in  such  a 
position,  that  they  would  seem  to  have  been  elevated  from 
the  bottom  of  the  ocean  by  the  force  of  elastic  vapours ;  for 
they  dip  away  in  all  directions  from  some  central  point, 
where  a  crater  still  exists  to  attest  the  former  agency  of 
aeriform  fluids. 

This  peculiar  strucHire  is  best  illustrated  in  the  Island  of 
Palma,  where  one  of  those  deep  Tallies  called  Bavancos  ex- 
poses  an  excellent  section  of  the  alternating  beds.  Amongst 
them  Von  Buch  distinguished  one  of  basalt  containing 
augite  and  olivine,  covered  by  a  stratum  of  rolled  masses 
chiefly  of  the  same  material.  Repeated  alternations  occurred 
to  him  as  he  proceeded,  between  beds  of  this  conglomerate 
and  continuous  strata  of  compact  or  amygdaloidal  bastalt, 
and  below  them  all  Was  a  sfngle  bed  of  trachyte,  the  only 
rock  of  ft  clearly  felspathic  nature  that  is  found.  Its  ground 
is  of  a  dark  grey  colour,  and  is  made  up  of  an  infinite  num- 
ber of  very  small  tessidar  concretions,  arising  from  the  se- 
paration effected  in  the  mass  of  the  stone  by  a  multitude  of 
minute  druay  cavities  distributed  every  where  over  it. 
These  hollows  are  in  general  only  partially  (illed,  but  con* 
tain  chabasite,  analcime  and  other  crystals.  Glassy  felspar 
is  met  with  in  the  rock  in  long  narrow  crystals,  wliich  in 
general  are  in  parallel  lines,  unless  when  the  dnisy  cavities 
before  mentioned  interfere  with  their  direction. 

These  beds  are  all  intersected  by  dykes  of  granular  basalt, 
which  become  more  and  more  abundant  as  we  proceed  along 
the  valley,  until  at  length  the  lofty  wall  of  rock  which 
bounds  it  is  covered  with  a  net  work  of  them. 

These  beds  all  rise  towards  the  crater,  or,  as  it  is  called  by 
the  people,  the  Great  Caldera,  a  circular  opening  in  the 
centre  of  the  island,  the  depth  of  which  is  stated  by  Von 
Buch  as  exceeding  5000  feet.     From  its  brim  we  are  ea- 
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abled  to  look  down  upon  the  abyss,  and  observe  underneath 
us  the  terminations  of  the  strata,  which  we  have  successively 
passed  in  our  way  to  it.  Viewed  from  this  point  they  all 
appear  horizontal,  but  this,  as  I  observed  in  speaking  of  the 
Monte  Somma,  is  an  illusion,  and  arises  from  their  termina- 
tions only  being  visible,  and  from  their  ranging  at  an  equal 
elevation  in  every  part  of  the  circular  wall,  which  bounds 
the  internal  cavity  of  the  crater. 

The  Caldera  of  the  Tale  of  Palma,  says  Von  Buch,  diflfers 
much  from  the  crater  of  an  ordinary  volcano.  Here  are  no 
streams  of  lava,  no  slags,  no  rapilli  or  ashes.  Nor  do  we  ever 
find  the  latter  of  such  a  circumfeience,  or  so  profound  and 
abrupt.  Its  general  aspect  seems  to  shew  that  it  was  formed 
by  the  pressure  of  those  elastic  fluids  which  raised  the 
whole  island  above  the  level  of  the  ocean,  and  changed  the 
strata  composing  it  from  an  horizontal  to  their  present  highly 
inclined  position.  The  a&pect  of  the  Barancos  is  such  as 
favore  this  hypothesis ;  these  vallies  are  too  narrow  and 
abrupt  to  be  attributed  to  diluvial  action,  and  are  so  devoid 
of  water,  that  they  cannot  be  referred  to  torrents ;  but  if  we 
suppose  a  succession  of  solid  and  unelastic  strata  to  be 
suddenly  lifted  up  in  the  manner  of  those  in  the  Island  of 
Palma,  it  is  evident  that  not  merely  would  a  central  aper- 
ture be  formed  where  the  crater  now  exists,  but  that  the 
strain  would  occasion  a  number  of  lateral  fissures  coiTe- 
sponding  with  those  called  in  the  island  Barancos. 

Considering  therefore  that  the  crater  in  this  instance  is 
unattended  with  the  usual  pha^nomena  of  a  volcano,  and  is 
oven  distinguished  from  the  latter  by  the  preceding  charac- 
ters, Von  Buch  has  chosen  to  denote  it  by  the  name  of 
"  Erhebungs  Crater"  or  Crater  of  Elevation,  and  he  pro- 
ceeds to  shew  that  the  same  distinctive  title  is  applicable  to 
many  craters  both  aniong  these  islands  and  in  other  parts  of 
the  globe. 
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The  Btructure  of  the  Island  of  Great  Canary  is  very  simrbr 
to  that  of  Palma, — the  fiame  heaving  up  of  the  strata  round  a 
central  point,  the  same  deep  and  abrupt  Barancos,  the  same 
description  df  crater  exhibiting  the  successive  outcrops  of 
the  adjoining  beds. 

The  order  of  superposition  in  the  latter  is  such  as  to 
illustrate  apparently  the  gradation  that  often  occurs  in  the 
character  of  volcanic  products,  and  perhaps  the  manner  in 
which  they  have  been  derived  by  successive  changes  firom 
the  fundamental  granite.  Lowest  of  all  Von  Buch  descried 
the  primitive  rocks';  then  masses  of  trachyte ;  afterwards  an 
aggregate  consisting  of  angular  fragments  of  the  latter  rock, 
forming  either  a  conglomerate  or  a  tuff,  which  alternate 
with  one  another  several  successive  times;  still  higli^r.aii 
aiigite  rock  (dolerite)  with  felspar,  interstratified  with  beds 
.  of  rolled  masses  of  the  same  composition,  but  of  a  cellular 
structure ;  then  an  amygdaloid ;  and  last  of  all  basalt. 

The  structure  of  Fortaventura  is  also  similar,  but  Lan- 
zerote,  though  originally  raised  up  in  the  same  manner  as 
the  other  islands,  has  since  been  augmented  by  the  eruptions 
of  volcanic  matter  that  have  subsequently  taken  place  upon 
its  surface.  Lanzerote  is  distinguished  from  the  other 
Canary  Islands  by  its  comparative  flatness,  possessing  none 
of  those  lofty  precipices,  or  abrupt  conical  hills,  that  occur 
in  the  rest.  There  is  nevertheless  in  one  corner  of  the  island 
a  vestige  of  the  same  kind  of  crater  which  I  have  just  been 
noticing,  but,  a  part  being  in  all  probability  sunk  in  the 
ocean,  the  strata  are  only  seen  rising  on  one  side,  which 
faces  the  water. 

Von  Buch  has  given  a  striking  description  of  the  aspect 
of  that  portion  of  the  island,  from  whence  proceeded  the 
lava  which  in  the  year  1730  caused  so  much  devastation. 

After  a  painful  walk,  he  says,  over  a  tract  of  harsh,  un- 
decomposed  lava,  I  reached  at  length  an  eminence  com- 
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posed  entirely  of  an  accumulation  of  slag  and  lapilli,  which 
were  heaped  in  successive  layers  upon  each  other.  In  the 
tentre  was  a  crater  walled  in  by  precipitous  rocks,  of  which 
one  side  was  broken  away  by  a  lava  whicli  had  proceeded 
from  its  interior.  Within  the  compass  of  this  hollow  two 
other  minor  craters  appear,  which  emitted  at  the  time 
volumes  of  aqueous  vapour  mixed  with  sulphureous  ex- 
halations. Hence  it  is  that  the  hill  has  obtained  the  name 
ef  Montagna  di  Fuego. 

It  is  impossible,  continues  Von  Buch,  to  describe  the 
scene  of  desolation,  which  presents  itself  from  the  summit 
of  this  crater.  A  surface  of  more  than  three  square  miles  in 
a  westernly  direction  is  covered  with  black  lava,  in  the  whole 
of  which  space  nothing  occurs  to  break  the  uniformity  of 
the  prospect,  but  occasional  small  cones  of  basalt  scattered 
over  the  plain. 

It  is  clear  that  this  vast  mass  of  lava  is  not  derived  from 
any  one  point;  even  the  Montagna  di  Fuego  appearing  to 
have  contributed  but  little  to  its  formation,  for  the  lava 
actually  proceeding  from  the  latter  is  found  to  take  an 
easternly  instead  of  a  westernly  direction.  During  my 
ascent,  I  felt  very  anxious  to  ascertain,  what  the  other  sources 
might  be  which  assisted  in  emitting  so  vast  a  mass  of  lava. 
How  much  was  I  astonished,  when  on  reaching  the  summit 
I  perceived  an  entire  series  of  cones,  all  nearly  as  lofty  as 
the  Montagna  de  Fuego,  placed  so  exactly  in  a  line,  that 
the  nearest  covered  tlie  farther  ones  in  such  a  manner,  that 
their  summits  alone  were  seen  peeping  from  behind. 

Between  the  western  coast  and  the  little  village  of  Florida, 
I  counted  twelve  cones  of  larger  size,  of  which  the  Mon- 
tagna di  Fuego  was  the  sixth  in  the  series,  besides  a  con- 
siderable number  of  smaller  cones,  pardy  between  and  partly 
on  the  side  of  the  larger  ones.  It  was  an  exact  repetition 
of  the  phenomena  of  Jorullo,  or  of  the  Puya  in  Auvergne. 
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The  >vhole  of  this  eruption  proceeded  in  all  probability'firoiii 
a  large  fissure,  the  existence  of  which  is  in  all .  casesr  found 
lo  produce  eSbcts  of  the  more  alarming  kind,  the  more.  di»« 
tant  it  is  from  any  volcano,  the  latter  serving  a»  a  fteriof 
cl^mney  for  the  escape  of  the  matter  vrithin. 
.  On  my  road  to  Florida,  I  visited  several  such  c^hm8# 
They  all  alike  consist  of  heaps,  three  or  four  hunclred  feet 
in  height,  of  harsh,  porous,  sharp,  lapilli,  of  the  .size  of ,« 
bean,  which  cause  a  grating  sound  when  they  roll  upon  each 
otjier. 

These  craters  open  for  the  most  part  towards  the  .intefioR 
of  the  islfiuid,  where  the  streams  of  lava  unite,  to  fironi  ona 
vast  continuous  bed,  which,  the  farther  we  trace  it  from,  its 
source,  is  found  to  be  less  and  less  charged  with  olivine- 

The  larger  part  of  these  effects  is  to  be  attributed  to  tba 
great  eruption,  or  rather  series  of  eruptions,  whioh  took 
place  in  this  island  between  the  1st  of  September,  1730,  and 
the  16th  of  April,  1736^  The  details  are  given  in  the  interest* 
ing  memoir  by  Von  Buch,  which  has  been  already  referred  toy 
but  it  would  be  inconsistent  with  my  plan  to  do  more  than 
particularize  some  of  the  leading  features^  A  number  of 
i^ents  took  place  successively  in  the  island,  generally  occurs 
ring  in  the  same  direction.*  From  these  issued  in  all  cases 
flames  and  smoke,  and  in  the  majority  loose  fragments  of 
yolcanic  matter  and  streams  of  melted  lava.  The  former, 
accumulating  round  the  apertures  from  which  they  "were 
ejected,  often  formed  conical  hills  of  considerable  height; 
the  latter,  taking  different  directions,  ravaged  various  parts 
of  the  island,  and  in  general  continued  to  flow  on  until 
^Stopped  by  the  sea.  In  one  case  the  lava  was  diverted  finxa 
its  original  direction  by  an  huge  rock  which  suddenly  rose 

.  *  The  reader  will  immediately  be  ]r.d  to  consider  the  effect  itself  as  malo' 
^ous  to  that  noticed  under  the  name  of  cavernous  lava,  in  Sir  Q,  Mac1^iixiQ*> 
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in  tlie  midst  of  il,  but  of  which  no  vestiges  are  to  be  seen  at 
present.  Gaseous  exhalations  likewise  were  emitted,  which 
proved  fatal  to  tlie  cattle.  At  length  the  inhabitants  wearied 
out  by  such  a  series  of  misfortunes,  seeing  the  most  fertile 
parts  of  their  country  successively  reduced  to  irretrievable 
ruin,  and  despairing  that  the  eruptions  would  ever  cease, 
determined  on  leaving  their  homes,  and  look  refuge  in  the 
neighbouring  island  of  Great  Canary. 

One  of  the  most  curious  phaenomena  attendant  on  tliia 
eruption,  though  one  not  altogether  peculiar  to  it,  was  the 
rise  of  dames  from  the  midst  of  the  sea.  The  nature  of 
tliese  is  worth  enquiring  into,  as  it  may  hereafter  assist  us 
towaids  a  theory  of  volcanos. 

The  only  gas  at  present  known,  which  inflames  spon- 
taneously at  ordinary  temperatures  on  llie  surface  of  water, 
is  phosplioretted  hydrogen,  and  this  can  hardly  be  suspected, 
as  the  product  of  its  combustion  is  phosphorous  acid,  a 
eubstance  which  is  possessed  of  several  striking  properties, 
and  therefore  coidd  hardly  fail  to  be  detected,  if  it  were  ever 
produced  by  volcanic  action. 

It  is  true  that  phosphoric  acid  exists  in  the  cavities  of 
certain  volcanic  rocks,  as  in  those  of  Estremadura,  combined 
with  lime  and  other  earths,  but  I  do  not  know  that  it  has 
ever  been  detected  in  a  free  or  unconibined  state  among  the 
products  of  any  active  volcano. 

Are  we  at  liberty  to  suppose,  that  some  less  inflammable 
gas,  such  as  simple  hydrogen,  or  its  combinations  with  car- 
bon and  sulphur,  miglit,  during  their  rapid  ascent  through 
the  water,  retain  a  sufliciently  exalted  temperature,  to  in- 
flame spontaneously  on  coming  in  contact  with  the  air. 
Such  an  hypothesis  might  explain  the  circumstances  related 
respecting  the  constant  combustion  of  the  gas  at  the  Pietra 
Mala,  without  recurring  to  the  somewhat  forced  solution, 
that  il  was  inflamed  in  the  first  instance  by  the  application 
n  S 
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of  a  light.  •  That  this  is  often  the  cause  of  the  flame,  is  pxetty 
clear ;  but  that  it  always  is  so,  does  not  seem  altogf?d¥y 
established. 

Since  the  eruption  of  1790-^-36,  the  Island  of  Laiucerola 
enjoyed  a  state  of  tranquillity  until  the  S9th  of  August  ia 
last- year,  when  at  the  port  of  Rescif  and  its  en?irons.eartiH 
qnsikes  occuri'ed,  which  became  more  terrible,  at  nighu 
They  increased  in  violence  the  next  day,  and  on  the  Slaty  afr 
seTen  in  the  evening,  a  volcano  broke  out  a  league  firom.  the 
harbour  of  Rescif,  and  half  a  league  from  the  mountain 
called  Famia»  It  vomited  from  its  crater  terrible  fliuneiy 
which  lighted  up  the  whole  island,  and  stones  of  an  eooff* 
mous  size  reddened  by  the  fire,  and  in  such  large  quantify 
that  in  less  than  twenty-four  hours  they  formed  a  mountain 
of  considerable  size.  This  eruption  continued  till  ten  in 
the  morning  of  the  1st  of  September ;  when  the  yolca|i0 
seemed  to  close,  and  to  leave  only  fissures,  from  whence 
escaped  a  thick  smoke,  which  covered  all  the  neighbourhood* 
On  the  2d  there  formed  three  great  columns  of  smoke,  eacb 
of  a  different  colour,  one  perfectly  white,  the  other  blacky 
the  third,  which  was  the  farthest  off,  red. 

This  volcano,  says  the  account,  still  burns  over  a  space 
of  half  a  league  in  length,  and  a  quarter  in  breadth,  aad 
the  mountain  newly  formed  appears  to  be  inaccessible,  and 
does  not  exhibit  lavas  in  any  direction. 

On  the  4th  a  large  column  of  smoke  rose  from  the  -volcaao, 
and  on  the  23nd  of  September  it  became  again  active^  and 
poured  forth  a  quantity  of  water  so  considerable  as  to  f<M 
a  large  stream,  which  diminished  on  the  2Sd,  and  on  th» 
26th  had  nearly  disappeared. — Bulletin  de  Sciences.  Msy, 
1825,  copied  fiom  the  Constitutionel  for  23d  October,  188i 

If  we  believe  Von  Buch,  the  Island  of  Madeira  is  formed 
after  the  same  manner  as  the  Canaries,  consisting  of  b^s 
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*lucli  liave  Ireen  elevated  above  the  level  of  the  ocean  by 
elastic  fluids,  but  destitute  of  any  crater  from  whence  smoke 
and  lava  have  been  ejected. 

The  account  however,  which  Mr.  Bowdich,  in  hU  post- 
liuuious  work  just  published,*  has  given  of  the  physical 
structure  of  the  island,  is  somewhat  different.  That  it  is 
composed  of  volcanic  matter  cannot  indeed  be  doubted,  for 
the  rocks  principally  consist  of  tuff,  scoriff,  or  basalt.  The 
former  sometimes  contains  bands,  as  it  were,  of  pumice, 
traversing  it  in  the  direction  of  the  bed;  it  is  sometimes 
yellowish  and  sometimes  red ;  it  alternates  repeatedly  with 
iheeconK,  which  again  are  continuous  with  a.  very  cellular 
variety  of  the  basalt,  forming  a  connected  bed  or  current, 
the  direction  of  which  may  be  presumed  to  be  indicated  by 
that  of  the  cells,  which  are  oval  and  elongated  all  in  one 
direction. 

Besides  this  form  of  basalt,  a  compact  and  coUimnar 
variety  is  also  seen,  which  in  many  places  appears  to  cap  all 
the  other  strata,  but  in  others  is  itself  covered  by  a  thin 
stratum,  consisting  of  fragments  of  porous  basalt,  cemented 
by  a  yellow  tufa.  This  conglomerate  likewise  insinuates 
itself  into  the  crevices  between  the  other  strata.  Compact 
basalt  however  is  not  confined  to  the  uppermost  beds,  for 
in  the  centre  of  llic  island  it  is  found  immediately  incum- 
bent on  a  limestone,  which  Mr.  Bowdich  considers  to  belong 
to  the  transition  series,  and  which  is  the  fundamental  rock 
liitherlo  discovered,  being  700  feet  in  thickness. 

All  these  beds,  even  the  limestone,  are  traversed  by  very 
numerous  dykes  of  basalt,  which  appear  to  be  always  com- 
pact, and  have  a  natural  cleavage  at  right  angles  to  their 
avails. 

Mr.  Bowdich  describes  a  small  conical  hill  situated  on 
the  high  table  land  in  the  centre  of  the  ialand,  which  has  on 
its  summit  a  small  elliptical  cavity,  about  200  feet  in  diam- 
eter, and  54  in  depth. 

No  stream  of  lava  however  has  flowed  from  it,  nor  lias  it 

'  .\u:uUTit  of  Mndciia  and  Porto  Siinlo,  Lulidoii,  l<i25. 
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any  of  the  usual  appearances  of  a  crater.  He  also  Aotices- 
an  elliptical  funnel-shaped  depression  about  80  feet  above^ 
the  sea,  between  the  fort  and  Praya  Bay,  which  aeems  tO: 
answer  to  the  description  given  by  Von  Buch  of  a  crater 
of  elevation.  It  presents  every  evidence,  says  Bowdichy:Of 
having  been  formed  by  a  minor  volcanic  heave,  which  thneV' 
up  vast  blocks  of  the  rock  it  rent  from  beneath  the  ooetn 
to  form  a  passage,  but  did  not  eject  any  lava  or  crontenU 
of  its  own. 

The  strata  here  are  stated  to  be  inclined,  but  it  would 
have  been  more  satisfactory  if  Mi*.  Bowdich  had  informed  us 
whether  they  dip  in  all  directions  away  from  the  crater,  e 
we  should  expect  to  be  the  case. 

.  Granting  however  these  cavities  to  have  been  produ^ 
in  the  manner  Von  Buch  represents,  it  is  still  imposdibleto 
reconcile  his  view  of  the  general  elevation  of  the  islaad  by 
i^dlcanic  agency  to  the  statements  given  by  this  last  In- 
weiler.. 

It  is  true  that  there  exists  in  the  interior  of  the  island  a 
vast  fissure,  1634  feet  deep,  and  3700  feet  above  the  sea, 
*'  where,"  says  Bowdich,  *'  the  basaltic  rocks  that  compose 
the  mountains,  seem  to  have  been  blasted  and  shiveted  by 
the  great  convulsion  which  rent  the  foundation  strata,  so  as 
to  create,  at  once  this  stupendous  valley,  enlarged  and 
deepened  by  the  action  of  torrents  which  have  battered  it 
for  ages.'* 

But  besides  that  the  strata  are  not  said  to  have  that  dis- 
position^  which  is  necessary  in  all  cases  to  establish  the  &ct 
of  their  having  been  heaved  up,  the  circumstance  of  their 
resting  upon  an  horizontal  bed  of  limestone  700  feet  tjiick, 
seems  fatal  to  such  an  hypothesis.  This,  as  Mr.  Bo.wdicii 
very  justly  remarks,  would  demonstrate  Uiat  Madeira  pre- 
existed  as  a  mass  of  transition,  or  probably  of  primitive  and 
transition  rocks,  which  were  covered  and  elevated  by  suc- 
cessive streams  and  ejections  of  basalt  and  tufa,  derived  ftenp 
some  submarine  volcano. 

I  should  therefore  hope  that  the  next  person  who  visits 
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the  Madeiras  with  scientific  views,  will  particularly  attend 
to  the  stratification  of  the  volcanic  rocks  of  Coural,  and  of 
the  limestone  underneath,  in  order  to  ascertain  whether  they 
possess  the  inclination  which  seems  implied  in  Von  Buch's 
statement,' or  owe  their  irregularity  to  the  hills  and  vallies 
existing  on  the  surface  of  the  limestone  on  which  they  were 
deposited,  as  Mr.  Bowdich  has  represented. 
'  Another  interesting  enquiry  relates  to  the  manner  in  which 
these  volcanic  strata  have  been  formed,  whether  from  a 
crater  as  Mr.  Bowdich  supposes,  without  however  being  able 
to  discover  any  traces  of  its  existence,  or  through  the 
medium  of  dykes,  as  might  be  presumed  to  be  the  case,  from 
the  vast  number  which  penetrate  all  the  rocks  even  down  td 
the  fundamenatal  limestone.  At  present  we  must  be  guided 
on  this  point  by  analogy,  rather  than  by  actual  evidence,  so 
that  the  subject  will  come  more  naturally  under  considera- 
tion in  the  latter  part  of  my  undertaking,  in  which  I  shall 
attempt  to  deduce  some  general  inferences '  from  the  facts 
previously  depaijed, 

« 

The  Island  of  !Porto  Santo  differs  from  that  of  Madeira^ 
in  Ihe  occurrence  of  tertiary  sandstone  and  limestone  alter- 
nating with  the.  volcanic  strata.*.  The  lowest  visible  deposit 
is  a  calc$i,reous  tufa  of  a  greenish  grey  colour,  which  extends 
on  the  N.E.  parts  of  the  island  to  the  height  of  1600  feet, 
and  is  ribbed  throughout  with  vertical  dykes  of  a  ireddish 
brown  basalt. 

« 

In  the  middle  of  the  island  (here  is  a  depression  iu  th^, 
tuff,  and  in  this  basin  a  bed  of  sandstone  has  been  depo- 
sited, the  lowest  part  of  which  is  hard  and  solid,  of  a  reddish 
buff  colour,  and  slaty  structure,  with  indurated  veins  effer- 
vescing pretty  vigorously,  and  presenting  small  black  spots, 
apparently  ferruginous,  the  upper  of  a  looser  consistence^- 
^d  containing  helices,  bulimi,  ampullariaB)  and'other  shells, 
belonging  to  a  recent  epoch. 

This  sandstone  seems  to  be  of  more  recent  origin  than  the 

'  ♦  Sie  Bowdich'fl  work, 

ir 
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Tolcanic  matter,  for  it  is  not  trBversed  by  any  dykefc«  Id  the 
neighbouring  island  of  Basco,  the  calcareous  tufa  ia  covered 
with  beds  of  limestone  100  feet  above  the  level  of  the  sea, 
alternating  with  a  conglomerate,  in  which  nbdulea  of  basalt 
and  wacke  are  inserted  in  a  ferruginous  sandy  earth  c(f  a 
brick  and  dull  orange  red,  traversed  by  veins  of  mannnil* 
lated  carbonate  of  lime.  This  limestone  presented  inmieiist 
masses,  of  Lamarck's  catenipor»  (tubifera  catiniilata)  and 
contained  specimens  of  the  cardium,  mytilus,  venus^  Yoliita^ 
turritella,  conus,  and  other  sheUs.  These  beds  are  travettnd 
in  the  samemanner^th  dykes. 

The  tuffof  Porto  Santo  is  sometimes  covered  with  a  com'' 
pact  basaltic  rock  approaching  to  phonolite,  which  fi>fl68 
the  peaks  in  the  north-eastern  part  of  the  island.  It  is 
distinguished  by  its  vitreous  colour,  numerous  crystals  of 
glassy  felspar,  and  lamelUur  structure ;  immediately  beneidi 
it  are  the  dykes  which  descend  through  the  tufa  to*  the  ml 
Mr.  Bowdich  observed  in  one  of  them  a  deposit  of  native 
alum,  derived  probably  from  the  decomposition  of  sulphuret 
of  iron,  and  another  of  a  bright  orange  ochre,  which  also 
appeared  to  have  proceeded  from  an  altered  condition  of  the 
basalt. 

There  are  no  traces  of  primitive  or  secondary  formations 
in  Porto  Santo,  as  there  are  in  Madeira,  but  the  calcareous 
tufa,  which,  from  its  association  vnth  the  limestone,  Mr. 
Bowdich  is  disposed  to  consider  tertiary,  seems  to  form  its 
base,  and  at  all  events  descends  lower  than  the  present  level 
of  the  sea.  The  horizontality  of  the  beds  is  such,  that  it 
would  be  even  more  difficult  to  admit  the  elevation  of  the 
strata  in  this  island,  than  in  the  neighbouring  one  of  Madeira. 

The  structure  of  the  Cape  de  Verde  Islands  is  too  im- 
perfectly known  to  detain  us  long ;  they  are  said  to  consust 
jmncipally  of  volcanic  matter,  and  the  Island  of  Fogo  con- 
tains an  active  volcano.* 

*  See  a  notice  in  the  1st  volume  of  the  2nd  scries  qf  the  G^logioa)  T»«- 
actions,  p.  420,  and  Bowdich's  Posthumous  Work. 
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Of  the  Azores  we  have  lately  obtained  a  geological  ac- 
count from  my  friend  and  fellow-student  Dr.  Webster,  Of 
Boston,  in  the  United  States.* 

The  Island  of  St.  Michael,  the  largest  of  ihein,  h  de- 
scribed by  him  as  entirely  volcanic,  and  containing  a  num- 
ber of  conical  hills  of  trachyte,  several  of  which  have  craters, 
and  appear  at  some  former  period  to  have  been  the  mouths 
of  so  uiany  volcaiios.  Tbe  trachyte  is  completely  covered 
by  the  ejections  of  pumice  and  obsidian  that  hare  proceeded 
from  these  sources,  and  it  is  seldom  that  we  are  able  to  dis- 
cover it,  except  in  the  ravines,  or  on  the  summit  of  the  hills. 

This  rock  however,  so  far  as  I  can  collect  from  Dr. 
Webster's  description,  does  not  constitute  the  fundamental 
stratum,  it  lias  ralher  been  forced  tbroiigh  strata  of  tuff  and 
of  basalt,  which  extend  over  the  island,  covered  however  in 
most  places  by  the  ejections  of  pumice  and  obsidian.  Dr. 
Webster  notices  likewise  a  description  of  Java  which  he 
compares  to  the  cavernous  variety  mentioned  by  Sir  G. 
Mackenzie  j  it  is  swollen  into  lar^e  blisters  and  Other  irre- 
gularities, and  contains  several  remarkable  caves,  from  the 
roof  of  which  hang  stalactites,  as  they  may  be  termed,  of 
btva,  wliich  assume  a  variety  of  curious  arborescent  figures. 

The  Island  of  St.  Michael  is  famous  for  its  hot  springs,- 
wluch  are  impregnated  with  sulphuretted  hydro^n  and 
carbonic  acid  gases,  tlius  seeming  to  atte&t  that  the  volcanic 
action  is  still  going  Jon.  Of  this  however,  evidences  have, 
within  the  present  century,  been  afforded  of  a  far  more 
direct  and  positive  nature.  In  the  year  1811  a  phenomenon 
occurred,  similar  in  kind  to  that,  wliich  I  have  already  de- 
scribed as  having  happened  in  the  Grecian  Archipelago. 
After  a  succession  of  earthquakes  experienced  more  or  less 
sensibly  in  all  the  neighbouring  parts,  a  new  island  arose  in 
the  midst  of  the  sea,  of  a  conical  form,  and  with  a  crater  on 
its  summit,  from  which  flame  and  smoke  continually  issued. 
The  island,  when  visited  soon  after  its  appearance  by  the 
crew  of  the  frigate  Sabrina,  was  about  a  mile  in  circum- 

*  Wcbalcr.    Dewriptlon  oCthcItkiidorsi.  Midincl,&c.  Boaton,  I8S8, 
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fisencey'aiid  two  or  three  hundred  feet  abore  the  levd  of 
the  ocean,  St  Gontinaed  finr  aome  wedssy  and  then  aunk  again 
into  the  sea.* 

.  A  idngnlar  phaenomenwi  occnra  at  a  ah<Mrt  diatance  fiom 
the  coast  near  the  town  of  ViUa  Fnnca,  which  has  all  the 
l^speavanee  ofthe  crater  of  a  Yolcano  half  sunk  below  the 
lefel  of  the  water.  It  conaistt  of  a  circohur  faaain,  the  in« 
tenor  of  which  oontaina  enough  water  to  float  aanudl  veaid, 
Imtthe  sides  are  elevated  400  feet  above  the  aea«  Thebasin 
is  perfect  except  on  one  ude^  where  the  depth  of  water  k 
vnflkient  to  allow  a  ship  to  enter,  and  it  would  ride  secmdy 
lathe  interior,  were  it  not fer  a  sinking  of  the  basin  mone 
aide,  which  allows  ofthe  sea  breaking  oyer  it,  when  the  wind 
is  in  a  sduth-easteily  direction. 

r]The  sides  of  the  beun  consist  of  tu£^  presenting  aa 
fkbrup^  precipice  externally,  but  dipping  in  .a  more  gradual 
VMmer  towards  the  interior,  and  Dr.  Webster  observes  tfatt 
the  strata  all  slope  towards  the  interior  andnot  towards  the 
circumference,  so  that  the  structure  is  the  very  reverse  of 
that  described  by  Von  Buch  as  belonging  to  the  waters  ia 
the  Canary  Islands,  and  the  circular  cavity  must  in  thia  case 
hiive  been  formed,  not  by  an  uplifting,  but  by  a  subsidence 
^^thestrata. 

^ThefottovBktg  sketch  may  represent  the  appearance  ofthe  basm. 


The  Ptfrandd. 

•  Humboldt  (Pers.  "Narr.  \o\.  \.  \i. ^\^^  \^\£Aiiu&)^v^V^^S!(staflh>JL^  of  the 
island  was  antcrioi  to  tYvat.  o^  \\\e  c\«kVei. 
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There  also  occurs  in  the  midst  of  the  sea  a  pyramidal 
mass  of  tuETonly  30  or  40  feet  in  diameter,  consisting  of 
liorJzontal  strata  from  one  to  two  feet  in  thickness.  It  is 
evidently  the  remnmit  of  a  formation,  the  greater  part  of  which 
has  been  washed  away,  and  seems  to  be  analogous  to  that 
which  I  have  noticed,  as  occurring  in  the  valley  of  the  Puy 
en  Velay,  in  the  south  of  France. 

The  other  islands  belonging  to  the  same  groupe  appear 
to  be  similarly  constituted.  That  of  El  Pico  is  the  only 
one  which  contains  a  volcano  at  presept  in  activity,  for 
die  great  currents  of  lava  which  flowed  in  1813  from  the 
adjoining  island  of  St.  George,  are  considered  as  the  results 
of  a  lateral  eruption  from  this  volcano.  The  summit  of  El 
Pico  is  no  less  than  0000  feet  above  the  sea ;  it  consists  of  a 

)nical  mass  of  trachyte,  and  is  constantly  emitting  smoke.  ■ 


tilt  may  perhaps  be  inquired,  what  degree  of  light  geology 

is  capable  of  aSbrding  with  respect  to  the  existence  of  a 

former  continent  or  large  island,  serving  to  connect  Europe 

with  America,  which  the  antients  sometimes  allude  to  under 

le  name  of  Atlantis. 

■It  might  appear  at  first  sight,  that  the  knowledge  we  have 
late  obtained  with  respect  to  the  physical  structure  of  the 
nds,  which  in  such  case  must  be  regarded  as  the  relics  of 
lis  submerged  country,  lends  some  weight  to  the  historical 
ridence  in  favour  of  its  existence,  since  llie  volcanos  that 
proved  to  be  in  action  in  so  many  jiarts  of  theinter- 
lediate  tract  of  ocean,  might  aUbrd  an  adequate  explattatioa 

the  effect  supposed  to  have  taken  place. 

|t  But  on  the  other  hand,  when  we  examine  more  narrowly 

ito  the  appearances  presented  in  those  islands  which  I  have 

?en  describing,  we  shall  find  it  greatly  more  probable  that 

they  have  been  separately  raised  from  the  bottom  of  the  sea 

.by  volcanic  agency,  than  that  they  have  been  severed  apart, 

after  having  once  constituted  a  single  continuous  tract  of 

id.     The  details  which  1  have  extracted  from  Von  Buch's 

itcre&ling  memoii's  lead  inevitably  to  this  conclusion,  as 
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lliey  tend  to  demonstrate,  that  the  straU  which  ftmn  t!\e 
basis  of  these  islands,  and  through  which  the  volcanic  cones, 
where  such  exist,  have  been  protruded,  were  formed  ori- 
ginally at  the  bottom  of  the  sea,  and  have  been  afterwuds 
heaved  up  by  the  elastic  vapours  acting  from  beneath. 

It  may  be  alledged  indeed,  that  the  whole  of  these  islands 
do  ntit  consist  of  volcanic  matter,  for  Gomera,  Fortaventura, 
and  otlters,  contain  rocks  either  consisting  of  primitive 
materials  or  of  limestone,  but  the  Tare  occurrence  of  the 
latter  over  a  tract  so  vast,  as  that  which  the  Continent  of 
Atlantis  must  be  supposed  to  have  occupied,  certainly  lends 
but  httle  countenance  to  the  hypothesis.  It  may  be  re* 
marked  too,  that  volcanos  seem  much  more  active  in  build* 
ing  up  strata  than  m  destroying  them,  and  that,  if  they  had 
operated  on  so  extensive  a  scale  as  must  bo  assumed  by 
those  who  attribute  to  their  agency  the  destruction  of  a 
continent,  they  would  on  the  other  hand  have  raised  up 
more  extensive  tracts  of  volcanic  materials  in  the  place  of 
those  they  had  been  the  means  'of  subverting.  It  is  SufB* 
rient  to  cast  a  glance  over  tlie  conjectural  map  of  the 
Atlantis,  by  Bory  St.  Vincent,*  to  be  convinced  of  the 
nbsurdity  of  any  such  hypothesis,  for  who  can  imagine  a 
tract  of  land  extending  from  40  to  15  N.  latitude,  having  for 
its  northern  boundary  the  Azores,  for  its  southern  the  Cape 
de  Verde  Islands,  and  for  its  eastern  promontory  the  Peak 
of  Teneriffe,  to  have  been  swallowed  up  in  the  ocean  by  any 
causes  now  in  operation,  or  at  any  period  since  the  creation 
■of  man. 

For  my  own  part,  were  I  persuaded  that  the  Atlantis  of 
'ihc  Greeks  referred  to  any  thing  real,  and  was  not  through- 
out a  figment  of  the  imagination,  the  hypothesis  I  should 
be  most  inclined  to  adopt,  is  that  proposed  by  A!i  Bey  in 
hisTravels-t  We  find  it  there  stated,  that  the  whole  of  the 
fiat  coast  towards  the  Atlantic  Ocean  is  caused  by  the  irash- 

•  See  Bory  St.  Vincent  sur  lea  lies  Fariuaecs. 
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ings  of  the  sea,  by  tlie  ground  sand  carried  into  the  ocean, 
and  by  masses  of  clay  which  he  considers  as  the  product  of 
some  submarine  volcano.  These  materials  together  form  a 
sort  of  tufa,  upon  which  beds  of  marl  and  of  animEil  exuviffi 
have  since  been  deposited.  He  finds  these  desert  stranda 
on  the  whole  of  the  southern  border  of  the  table-land  of 
Mount  Atlas,  towards  the  deep-laying  flat  of  the  Sahara^ 
and  extending  as  far  as  the  Syrtis^  and  therefore  supposes, 
that  at  some  former  period  the  elevated  ground  of  Mount 
Atlas  may  have  constituted  a  sort  of  island — ^perhaps  that  of 
Atlantis. 

This  notion  as  to  the  Tokanic  origin  of  certan  parta  of 
Mount  Atlas,  is  borne  out  by  the  existence  of  some  moun- 
tains in  the  same  chain,  called  Black  Harusch,  which  are 
conjectured  to  be  of  an  igneous  nature. 

It  would  also  appear  from  the  author  of  the  work — > 
"  Uifi  GaviAxirivi  tetavfiMrtir"  vulgarly  attributed  to  Aristotle, 
that  the  Greeks  regarded  the  whole  of  the  coast  of  Africa 
beyond  the  Pillars  of  Hercides  as  thrown  into  disorder  by 
the  fire  of  volcanos,  and  Solinus  expressly  states  thu  the 
snowy  summit  of  Mount  Atlas  glitters  with  nightly  flames; 
so  that  we  might  be  led  to  infer,  either  that  this  mountain 
was  situated  in  one  of  the  islands  of  the  Hesperides,  and 
was  probably  identical  with  the  Peak  of  Tenerifle,  or  tlmt 
some  volcanic  appearances  exist  in  the  chain  which  the  mo> 
dems  speak  of  as  Mount  Atlas. 

In  the  account  of  the  Periplus  of  Hanno,  as  well  as  in 
that  of  Eudoxus,  as  quoted  by  Mela,  (which  is  considei'ed  a 
fabrication,  and  a  direct  copy  of  the  former,)  we  read,  that 
B3  these  navigators  were  coasting  in  the  above  direction 
along  this  part  of  Africa,  torrents  of  light  were  seen  to  fall 
on  the  sea,  that  every  night  the  shore  was  covered  with 
Eres,  that  the  Great  Mountain,  called  the  Car  of  the  Gods, 

Iftfivt  o;(i!^a)  had  appeared  to  throw  up  slieets  of  fire  that  rose 
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ewim  to  tlie  cloudy  .and  .that  the  sand  of  the  sea  was  imoi^ 
leraUy  hot*  .  »... . 

i  .Now. the  mountain  that  went  by  this  name  is  placed  .bf 
Polybius  south  of  the  town  of  Lixus,  a  Carthaginian  ccAauf 
h^ond  the  pillars  of  Hercules,  and  in  the  midst  of  the  chain 
of  Mount  Atlas. .  Nor  is  it  probable,  that  this  anUent  nm* 
gatcnrafaould  have  deviated  so  far  from  the  coast,  as  would 
)iave  been  necessary,  in  order  to  enable  him  to  catch  a 
glimpseof  the  volcanic  firies  of  Teneri&« 
.  .Itis  remarkable  indeed  that  the  antients,  althou^lhey 
have  described  the  Canaries,  under  the  names  of  Canaria^ 
Putpurariae,*  and.  Fortunate  Islands,  seem  to  have  takm  no 
notice  of  the  volcanos  that  occur  there.  Even  the  Peak  of 
Teneriffe  is  only  alluded  to  in  the  mention  of  the  perpetual 
snow  found  upon  it^  from  whence  the  island, obtiuned  the 
nameofNivaria* 

,  .  It  is  therefore  most  probable,  that  the  description  of  Hanno^ 
refers  to  the  Continent  of  Africa,  and  not  to  its  islands  ;  but 
before  we  decide  that  any  thing  of  a  volcanic  iiature  is 
hinted  at,  we  ought  to  recollect,  that  the  cuatomf  wbick 
exists  there,  as  in  many  other  hot  countries,  of  seUing  fire  at 
certain  seasons  to  the  forests  aiid  dry  grass,  might  have  given 
jrise  to  the  statements  of  the  Carthaginian  navigator.  Eveo 
in  Qur  own  times  the  Island  of  Amsterdam  was  set  down  a$ 
volcanip  from  tl^e  very  same  mistake. 


ASCENSION  ISLAND. 

The  Island  of  Ascension j:  is  composed  entirely  of  trt* 
chyte,  and  the  rocks  allied  to  it,  which  appear  to  Imve  been 

•  Bory  St  Vincent  thinks,  that  by  the  Purpurarue,  Madeira,  and  Porto 
Santo,  were  intended. 

f  This  is  the  opinion  of  the  Abbe  Gosselin  in  his  Geographie  des  Aiideni. 
X  See  Ed.  Phil.  Journ.  for  January,  1826» 
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thi^wnupin  a  dome-like  fonn,  and  ;Ca  hare  subsequently^ 
afforded  a  vent  to  vesicular,  spamous,  and  corded,  lavas,  by^ 
which  they  are  frequently  covered^  On  one  of  its  hills, 
about  700  feet  above  the  level  of  the  sea,  is  a  circular,  hollow/ 
which  has  since  bden  in  great  measure  filled  up*  /The^ 
beach  is  formed  of  a  sand  composed  of  comminuted  sHell^' 
with  fragments  of  echini  and  corals,  which  in  [parts  near  thet 
sea  is  sometimes  agglutinated  by  a  calcareous  cement  into  a 
pretty  solid  mass.  The  whole  island  has  a  most  rugged  and 
forbidding  aspect.  Its  highest  mountain  is  S818  feet  above 
the  kvel  of  the  sea^  and  ia  covered  at  top  with  pumice,  hav- 
ing upon  it  a  scanty  covering  of  soil* 


i 

>^"« 
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*  It  has  been  supposed  by  Forster,  that  the  present  island^ 
is  only  the  wreck  of  a  larger  tract  of  land,  submerged  by  the 
action  of  volcanos. 

This  however  does  not  seem  consistent  with  more  recent* 

I 

statements,  which  lead  rather  to  the  idea,  that  the  whole 
island  has  been,  raised  above  the  surface  of  the  sea  by  the 
same  agency. 

It  would  appear  from  Governor  Beatson's  account,*  that 
the  volcanic  matter  rests  on  a  substratum  of  sand,  clay,  and 
coral,  which  extends  under  the  sea  over  a  much  larger 
Surface. 

The  same  remark  applies  to  the  Islands  of  Ascension  and 
Tristan  d^  Acunha,  and  to  Gough's  Island. 

Neither  is  there  that  general  appearance  of  fracture  an  J 

disturbance  in  the  strata,  which  would  have  been  observed* 

,  had  there  been  any  truth  in  Forster's  idea.    The  volcianic 

matter  chiefly  consists  of  a  rock  of  a  basaltic  character,*^ 

• 

*  See  Beaison'»  St.  Helena,  London,  1816. 
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eiihier  celloUr  or  compact,  together  with  a  species  of  tmff  or 
piiE2;olaiut«  Near  the  level  of  the  sea  is  a  conglomerate  of 
rpceot  formation,  consisting  of.  sljiella  and  Band  agglutinated 
t|]gether«  There  exists  a  crater,  called  the  DeyiPs  .Punch 
Bowl,  ii^  the  interior  of  the  isliMlid,  1000  yards  from  east  to 
^est,.  700  across,  and  about  !^  yards  ia  depth ;  but  it  does 
not  a]p|)ear  ihf|t  any  lava  has  been  given  out  from  it. 


J.l.'l     ■-!..    ■ 


-  The  islands  on  the  opposite  coast  of  Africa  affi)rd  aban* 
dant  evidences  of  igneous  action,  though,  one  only  is  knbira 
to  possess  an  active  volcano. 

Madagascar,  the  largest  of  them,  is  as  yet  but  little  ex- 
plored, and  we  only  know  that  its  structure  is  very  different 
from  that  of  the  adjacent  continent ;  but  of  the  Isles  of 
France  and  of  Bourbon  there  is  an  account  by  Bory  St. 
Tlncent,  of  a  more  circumstantial  nature.* 

The  Isle  of  France  is  of  an  oval  shape,  about  II  leagues 
in  its  greatest  length,  and  8  in  its  greatest  breadth;  it  rises 
on  all  sides  from  the  circumference  to  the  centre,  so  as  to 
^rm  a  conical  mountain,  called  Le  Piton. 

The  other  mountains,  of  which  the  most  elevated  is  Peter 
Boot,  constitute  a  chain  extending  across  the  island. 

All  these  mountains  consist  of  volcanic  matter,  either  lava 
or  basalt,  which  is  sometimes  prismatic,  and  intersected  by 
dykes.    The  strata  have  a  slight  inclination  towards  the  sea. 

The  low  region  to  the  north,  and  the  isolated  rocks  off  the 
coast,  consist  of  a  coralline  limestone,  produced  at  a  very 
recent  epoch.  It  lies  in  a  sort  of  basin,  enclosed  in  the 
inidst  of  volcanic  rocks,  and  intermixed  with  lava,  so  that  it 
would  appear  that  it  was  of  posterior  formation  to  certda  of 
the  latter  products. 

•  Voyage  ause  II ei  d'Afrique. 
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The  Island  of  Bourbon,  like  the  Island  of  France,  slopes 
on  all  sides  upwards  towards  its  centre. 

It  may  be  viewed  as  consisting  of  two  volcanic  mountains^ 
of  different  dates — the  southern,  which  is  the  smallest,  stiU 
in  a  state  of  activity ;  the  western,  extinct. 

The  point  of  contact  between  the  two  coincides  with  a' 
line  drawn  from  N.E.  to  S.  W.,  along  which  the  country  is  of 
inferior  elevation. 

The  mountain  of  Salazes,  which  is  the  active  volcano, 
contains  two  craters ;  the  first  of  which,  the  crater  Com- 
merson,  is  composed  of  basaltic  lava  having  a  prismatic  form, 
and  therefore  seeming  to  indicate,  that  the  expansive  force 
had  in  this  instance  made  its  way  through  volcanic  matter  of 
more  antient  date. 

The  extinct  volcano,  called  Les  Fournaises,  exhibits  a 
number  of  basaltic  dykes,  which,  it  is  to  be  remarked,  are 
never  observed  in  the  one  now  burning. 

Some  of  these  dykes  seem  no  larger  than  cords,  whilst 
others  are  of  the  same  thickness  as  the  beds  which  they 
traverse.  They  penetrate  indiscriminately  all  the  rocks^ 
sometimes  in  a  direction  perpendicular  to  their  planes,  at 
others  in  one  more  or  less  oblique.  They  also  intersect 
each  other  in  the  figure  of  the  letter  X.  They  are  usually 
divided  into  prisms,  which,  whatever  may  be  the  inclination 
of  the  dyke,  range  at  right  angles  to  it.  Being  more  com- 
pact than  the  lavas  they  penetrate,  they  frequently  stand 
put  in  bold  relief. 

It  is  worth  observing,  that  earthquakes  are  only  ex- 
perienced in  that  part  of  the  island,  which  is  farthest  froia 
the  site  of  the  active  volcano,  and  even  there  but  rarely. 

The  most  curious  production  of  this  island  is  the  variety^ 
of  pumice  like  spun  glass,  which  is  thrown  out  occasionally 
by  its  volcano. 

Bory  St.  Vincent  describes  the  quantity  of  these  films  as 
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l^ng  on  one  occasion  sufficient  to  form  a  cloud,  coTeiifig 
the  entire  summit  of  the  volcano. 

Scarcely  had  he  observed  it,  when  the  whole  party  found 
t)iemselves  covered  with  small  shining  and  capillary  flakesy 
possessing  the  flexibility  and  appearance  of  silk,  or  of  a. 
i^ider's  web.  This  substance  was  accompanied  wyth 
i^owers^  of  light,  vitreous,  spongy  scorie,  in  fragmeotr 
varying  from  the  size  of  a  cherry  to  that  of  an  apple.  It. 
fell  ipto  powder  with  the.  slightest  force. 

The  thread^}  of  which  we  have  just  been  speaking,  ap- 
peared to  him  nothing  but  a  modification  of  the  8c<»rifona 
l^V^  peculiar  to  the  Isle  of  Bourbon.  He  supposes,  they 
HAay  have  been  formed,  owing  to  the  extrication  of  elastic 
matter  from  this  substance,  whilst  in  a  state  of  partial  fusion, 
Qn  the  same  principle  that  the  threads  are  formed  in  sealing- 
wax,  when  the  stick  is  suddenly  withdrawn  from  the  sur&ca 
of  a  portion,  dropped  upon  paper,  and  not  completely  cooled* 
Jle  was  confirmed  in  this  opinion  by  observing,  attached  to 
these  threads,  little  pear-shaped  globules,  which  were  found 
on  examination  to  be  identical  with  the  vitreous  scoriae  be- 
fore alluded  to.* 


Volcanos  therefore  seem  pretty  abundantly  distributed  on 
all  sides  of  the  African  coast,  but  whether  they  exist  also  on 
the  continent,  we  have  not  the  means  of  determining. ' 

I  have  hinted  above  at  the  possibility,  that  volcanic  rocks 
may  be  met  with  in  the  chain  of  Mount  Atlas,  on  the  western 
extremity  of  Africa ;  on  the  northern  coast  we  know  of  no 
active  volcano,  nor  have  any  rocks  been  noticed  even  of  a 
basaltic  nature,  excepting  in  Fezzan  and  Tripoli,  where 
Captain  Lyon  speaks  of  a  formation  of  that  sort  associated 

,  *  Similar  specimens  have  been  noticed  as  occurring  in  the  Island  of  Gqada- 
Ibupe,  and  by  Mr.  Ellis  in  Owhyhee.  See  his  late  Tour  in  the  Stf^ndwich 
Ittlands.    London,  1826, 
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with  calcareous  beds,  which  I  have  the  authority  of  Pro- 
fessor Buckland  for  pronouncing  tertiary.* 

There  is  also  an  account  in  the  11th  volume  of  the  corves- 
pondence  of  Baron  Zach  (No.  3.)  respecting  sqme  rocks  k^ 
the  interior  of  Egypt,  between  the  Nile  and  the  Red  Sea-  ii> 
the  provincie  called  Kordoufan. 

Riippell,  a  German  traveller^  on  whose  authority  these 
facts  ate  given,  states  merely,  that  there  exists  in  that  country 
a  chain  of  some  half-extinguished  volcanos  of  great  intei«esty 
at  a  place  called  Gebel-Koldagi,  where  a  conical  mountain 
of  great  height,  smokes  continually  on  the  summit,  and 
throws  out  hot  cinders  without  intermission. 

Mons.  Jomard,  who  accompanied  Buonaparte  in  his  in- 
vasion of  Egypt,  states,  that  in  the  centre  of  that  country, 
between  the  Nile  and  the  Red  Sea,  in  the  midst  of  th^ 
Alabaster  Quarries,  there  exists  a  mountain  called  Djebej 
Dokhan,  which  means  the  Mountain  of  Smoke.  The  Arab^ 
speak  of  the  Petroleum  observed  to  flow  some  distance  off. 
Djebei  Kebryt,  or  the  Sulphur  Mountain,  lies  more  to  the 
south,  in  the  24th  degree  of  latitude,  and  on  the  borders  of 
the  sea.  According  to  the  reports  of  the  Arabs,  Dj^bel 
Dokhan  smokes  continually. 

It  is  probable  that  Riippell  and  Jomard  both  refer  to  the 
same  chain  of  mountains,  but  whether  the  facts  they  notice 
relate  to  some  volcano,  or  to  phaenomena  similar  to  those 
of  Macaluba  in  Sicily,  or  th^  PietraMala  in  the  Appehnines^ 
may  admit  of  doubt. 

It  must  be  r^inarked  that  neither  reporter  has  visited  th^ 
spot  to  which  he  refers,  and  that  it  is  not  stated  even  on  the 
authority  of  the  Arab  informants,  that  lava  had  been  ejected 
from  any  of  the  mountains  specified. 

.  *  Afi  quoted  in  JBrong^niar^'s  works  ''  Sur  les'envuronB  de  Paris.*'  Dr. 
Oudney  also  speaks  of  these  rocks  between  Tripoli  and  MourzQiik.  Se^ 
Denham  and  Clapperton's  Tri^vels  ip  Mn,c^,  p.  uux.  .        . 
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ON  THE  VOLCANOS  OP  ASIA* 

WHATEVER  opinion  may  be  entertained  witli  respect  to 
tiie  existence  of  volcano^  iti  the  interior  or  coast  of  l^gjptj 
there  is  no  question  as  to  their  presence  on  the  opposite 
shore,  as  well  as  in  the  Red  Sea  itself. 

Tbe  Island  of  Zibbel-T^eir,  in  north  latitude  16".  appears, 
frotn  Bruce^s  statement,  to  contain  an  active  volcano,  and 
rocks  pOss^ssiilg  the  same  characters  are  mentioned,  as  oc- 
tf unking  in  a  groupe  of  smaller  islets  in  the  same  part  of  the 
Red  Sea,  off  Loheia.* 

Niebuhr  likewise  has  given  some  accounts  of  phsenomena 
allied  to  those  arising  from  volcanos,  and  states  in  particular 
that  iii  the  valley  of  Girondel,  near  Suez,  he  met  with  some 
hot  sulplitireous  springs,  on  the  spot,  near  which,  accord- 
ing to  tulgai*  tradition,  Pharoah  and  his  host  were  swal- 
lowed up.+ 

Lord  ValentiaJ  likewise  remarks,  that  the  rocky  Penin- 
sula, on  which  the  town  of  Aden,  at  the  extremity  of  the 
Arabian  Gulph,  is  situated,  has  all  the  appearance  of  being 
the  half  of  a  volcano,  the  crater  of  which  is  covered  by  the 
sea,  whilst  the  edge  of  it  is  occupied  by  the  present  town; 
from  which  the  rocks  rise  to  a  considerable  height. 

The  unfortunate  Seetzen,||  who  is  supposed  to  have  been 
poisoned  during  his  travels  over  this  part  of  the  Arabian 
Peninsula^  notices  particularly  the  mountain  near  Aden,  as 
containing  a  kind  of  volcanic  rock,  nearly  as  light  as  pumice, 
dnd  mentions  the  account  which  he  received  of  an  eruption 

•  Brace's  Travel*,  voh  i*  p.  330  &  310. 

+  Niebuhr,  vol.  i.  p.  184. 

J  Travels,  vol.  2.  p.  86. 

{  Some  account  of  Seetzen's  researches  may  be  seen  in  Baron  Zach's 
Correspondence—  in  Hammer's  publication,  entitled  Filndgrube  des  Orients, — 
and  in  a  small  volume  etititled,  '<  A  brief  account  of  the  countries  adjoiniDg 
th«  Lake  Tiberias,  the  Jordan,  and  the  Dtad  Sea.    London,  1810." 
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which  took  place  on  the  site  of  its  present  harbour.  The 
same  traveller  ascertained  the  existence  of  porous  lava  at 
Damar,  about  15*  of  N,  latitude,  and  traced  the  same  inl 
various  situations  between  that  place  and  Mecca. 

Similar  appearances  are  exhibited  about  Medina,  which 
is  perhaps  not  more  than  200  miles  south  of  Sherm,  where 
we  have  the  authority  of  the  accurate  Burckhardt  for  the 
existence  of  volcanos. 

Neither  have  we  any  reason  to  doubt  the  facts  detailed  by 
Seetzen,  for  Von  Hoff,  a  writer,  whom  I  have  already  had 
occasion  to  notice  with  approbation,  assures  us  from  per- 
sonal knowledge,  that  this  traveller  was  fully  competent  to 
render  a  correct  account  of  the  physical  structure  of  thil 
places  he  visited. 

At  Sherm,  in  the  Peninsula  of  Mount  Sinai,  the  hills  fof 
a  distance  of  two  miles  presented,  says  Burckhardt,  perpen* 
dicular  clifis,  formed  in  half  circles,  none  more  than  60  or 
80  feet  in  height;  whilst  in  other  places  there  was  the 
appearance  of  volcanic  craters.  The  rock,  of  which  these 
mountains  are  composed,  is  black,  with  a  slight  tinge  of 
red,  full  of  cavities,  and  with  a  rough  surface ;  fragmentsi 
that  had  been  detached  from  them  were  sieen  lying  on  thcJ 
road.  The  cliffs  were  covered  by  deep  layers  of  sand,  whicl| 
also  overspread  the  vallie^. 

Burckhardt  thinker  it  probable  that  other  rocks  of  the  same 
kind  may  be  found  near  Ras  Abou  Mohammed,'  and  that  the 
name  of  Black  Mountains  (^avat  o^n)  applied  to  them  by  the 
Greeks,  may  have  arisen  from  this  cause.*  It  should  be 
observed  however,  that  low  sand  hills  intervene  between  the 
volcanic  rocks  and  the  sea,  and  that  above  them  towards  the 
higher  mountains  no  traces  of  lava  are  found,  which  circum* 
stance  seems  to  prove  that  the  volcanic  matter  is  confined  to 
this  spot.     Burckhardt  adds,  in  a  letter  to  the  Association,f 

*  Biirckhardi*8  Syria,. p.  529. 

i  Burckhardt's  Nubia,  Life,  &c.  p.  Ixwiii. 
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fha,%  the  Arabs,  as  well  as  the  priests  of  the  convent^  mention, 
that  loud  explosions  are  sometimee  heard,  accompanied  with 
fmoke,  proceeding  fi'om  a  mountain  called  Om  Shommar, 
eight  hours  S.  S.  W.  of  Djebel  Mousa,  where  howe?er  h« 
parched  in  vain  for  any  traces  of  the  kind. 

Humboldt  observes,  that  he  is  satisfied  from  the  nu« 
pierous  specimens  which  haye  fallen  undei*  his  observation, 
that  the  rock  from  which  these  volcahos  ^have  proceeded,  i| 
a  transition  porphyry,  like  Uiat  of  Mexico. 

If  we  proceed  northwards  from  this  Peninsula  to  Palesr 
tine,  we  shall  meet  with  abundant  evidences  of  igneous 
action  to  corroborate  the  accounts  that  have  been  handed 

4 

down  to  us  by  antient  Writers,  whether  sacred  and  pro&nei 
from  both  which  it  might  be  inferred,  that  volcanos  were  iii 
activity,  at  a  period  even  so  late  as  to  be  included  within *the 
limits  of  history. 

From  their  familiarity  with  such  phaenomena,  the  Prophets 
^eem  often  to  have  derived  some  of  their  most  splendid 
imagery.  Thus  Nahum,  describing  the  majesty  of  God, 
«ays,  that,  the  mountains  quake  at  him^  and  the  hills  meU^ 
Qnd  that  the  earth  is  burned  at  his  presence.  His  Jury  if 
poured  out  likejirey  and  the  rocks  are  thrown  doxsm  bjf  hm^ 
(Nah,  i,  5.6.) 

Bekoldy  says  Micah,  the  Lord  cometh  forth  out  of  his 
place,  and  will  come  down,  and  tread  upon  the  high  places 
of  the  earth.  And  the  mountains  shall  be  molten  under 
him,  and  the  vallies  shall  be  cleft  as  wax  before  the  fir  e^  aai 
as  the  waters  that  are  poured  down  a  steep  place.  (Mic. 
i.  3.  4.) 

Othat  thou  wouldest  rend  the  heavens,  says  Is^uah,  thai 
thou  wouldest  come  down,  that  the  mountains  might  Jlow 
down  at  thy  presence.  As  when  the  melting  fire  bumetk, 
thefifc  causeth  the  waters  to  boil,  to  make  thy  name  knowik^ 
to  thine  adversaries,  that  the  nations  may  tremble  at  thy 
presence.     When  thou  didst  terrible  things  which  Z0e  looked 
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tot'fatf  ihou  comcst  dowm,  the  mounlmm  fioued  doM^at 
thy.pre9ence»     (Isaiab^lxiv.  I.  S.)  ' 

And  Jeremiah,  evidently  alluding  to  a  voicanoy.  say^*^ 
Behold^  I  am  against  thecy  O  destroying  mountain^  $aitk 
the  Lordj  which  destroy  est  all  the  earthy  and  I  tnlt  stretch 
out  mine  hand  upon  thee^and  roll  thee  dawn  from  the  rock^j 
and  will  make  thee  a  burnt  mountain.  And  they  shall  nai 
take  of  thee  a  stone  for  a  corner^  nor  a  stone  for  founda^ 
lions  ;  hut  thou  shalt  be  desolate  for  ever.  (Jer.  li.  25.26.) 
.  The  destruction  of  the  five  cities  on  the  borders  of  ihi& 
Lake.  Afiphaltiti^  or  Dead  Sea,  can  be  attributed,  I  conceive^ 
to  nothing  else  than  a  volcanic  eruption,  judging  botb  front 
the  .description  giVen  by  Moses  of  the  manner  in  v^hich  it 
took  place,*  fmd  from  the  fM'esent  aspect  of  the  country 
itself.  (  . 

•  Ipte8«u6e  it  is  unnecessary  to  uvge^  that  theneasokvas^ 
ligned  in  Holy  Writ  for  the  destriictioaof  tJie  cities  alkuted 
to^  does  not  exclude  the  operatiori  of  nattural  causedf  in 
InringiAg  it  about,  and  that  there  can  be  no  greater  impro^ 
fiiriety  in  8U{qx)siii^  a  volcano  to  have  executed  the  iv^iNof 
the  Detty  against  the  cities  of  Sodom  and  Gomof r»b,  (hdtt 
it  Would  be  to  ima^ne,  if  such  an  idea  vrere  on  otbetf 
grounds  adoussible,  that  the  sea  might  have  hee»  tfie  in^ 
9ii*ttnifntin  the  hands  of  the  same  Being  for  e^Kicting  Ih^g^ne^* 
ral  destruction  of  the  hiunan  race  in  the  case  of  tfefe  Dieluge^' 

.■.••.  * 

♦  ThefoUowing  are  the  words  of  Scripture; 
Gen.  Ch.  xfx. 

Vs.  24.  Then  the  Lord  rained  updtl  Sodom  and  Gomorrah  brimstone  aiirf 
fire  out  of  heaven. 
S5.  And  he  overthrew  these  cities,  and  al)  the  plain,  and:  ail  the  iv» 
habitants  of  these  cities,  and  that  which  grew  upon  the  ground* 
28.  And  he  (Abraham)  looked  toward  Sodom  and  Gomorrah,  and 
toward  all  the  hmd  of  the  plain,  and  behold,  and  lo,  the  smofei 
of  the  country  went  up  as  the  smoke  of  the  furnacv. 

,  In  Daut.  ch.  29^,  ys-  99,  the  neighbourhood,  of  the  Dead  Sen  ia  dasorilM^tf 
a  country,  the  land  of  which  is  brimstone,  and  salt,  and  burning,  which  is  pot 
sown  nor  beareth,  nor  has  any  grass  growing  therein. 
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Whether  indeed  we  chuse  to  su|qx>8e  the  fire  which  laid 
waste  these  places,  to  have  originated  from  abate  or  from 
beloWy  the  employment  of  secondary  causes  seems  equally 
implied ;  and  if  it  be  urged,  that  the  words  of  Grenesis 
denote  that  it  proceeded  firom  the  former  quarter,  it  may,  I 
think,  be  replied,  that  a  volcanic  eruption  seen  from  a  dis*» 
tance  might  be  naturally  mistaken  for  a  shower  of  stones^ 
and  that  we  cannot  expect  firom  the  sacred  historian  in  the 
case  before  us,  any  greater  insight  into  the  real  nature  of 
such  phaenomena,  than  we  attribute  to  him  in  the  analogous 
instance,  in  which  the  Sun  is  said  to  have  stood  still  at  the 
command  of  Joshua. 

That  the  indiyiduals  who  witnessed  the  desCmctioni^ 
these  places  might  hare  been  impressed  with  this  notion,  WiH 
be  more  readily  believed,  when  we  reflect,  that  in  mort 
eruptions  the  greater  part  of  the  mischief  occasioned  pro- 
ceeds from  the  matters  ejected,  which  are  oflen  perceived 
only  to  fall  from  above;  and  those  who  recollect  the  descrip- 
tion given  by  the  younger  Pliny  of  that  from  Vesuvius,  will 
admit,  that  a  person  who  had  fled  from  the  neighbourhood 
of  that  volcano,  as  Lot  is  stated  to  have  done  from  the  one 
near  the  Dead  Sea,  at  the  commencement  of  the  eruption, 
would  probably  have  formed  the  same  idea  of  what  was 
taking  place ;  for  it  appears  from  the  Roman  writer,  that  it 
was  long  before  he  was  enabled,  even  at  Misenum,  to  de- 
termine in  the  midst  of  the  general  obscurity,  that  the  cloud 
of  unusual  appearance,  which  was  the  precursor  of  the  vol- 
canic phaenomena,  proceeded  from  the  mountain  itself. 

When  Livy  mentions  the  shower  of  stones,  which,  ac- 
cording to  common  report,  fell  from  heaven  on  Mount  Al- 
bano,*  there  can  be  little  doubt,  that  the  phaenomenon  that 
gave  rise  to  such  an  idea  was  of  an  analogous  description, 
and  we  shall  see  hereafter,  that  the  volcanic  action,  of  which 
there  are  such  decided  evidences  in  Phrygia,  was  attributed 

♦  Sec  page  130. 
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ly'some  to  Leavenly  raeteors :   "  vxa^a/iTi  rmt"  says  Strabo, 

"  IK  KifaVJofeXiiin  nai  ir^rt^vt  avf^tiiM  thto," 

Art  iherelbre  we  liave  no  autliorlty  ibr  supposing  Mo^s  a 
nutur.ll  historian,  or  lor  imagining  that  he  possessed  a  know- 
ledge of  physics  beyond  that  of  the  age  in  which  he  lived, 
we  may  venture  to  apply  to  his  narrative  of  the  deslructjon 
of  these  cities  the  same  remark,  which  Striibo  has  made  re- 
specting the  indications  of  igneous  action  presented  by  the 
country    round    Laodicea.     "  duk  cu?,eytit  vm  roiurut  w«fl«n  tw 

Volney's  description  of  the  present  stale  of  this  countryj 
fully  coincides  with  this  view.* 

The  south  of  Syria,  (lie  remarks)  that  is,  the  hcUow 
through  which  the  Jordan  flows,  is  a  country  of  volcanos : 
the  bituminous  and  sulphureous  sources  of  Uie  lake  Asphal- 
tills,  the  lava,  the  pumice-stones  thrown  upon  its  banks, 
and  the  hot-baths  of  Tabaria,  demonstrate,  that  this  valley 
has  been  the  seal  uf  a  subterraneous  fire,  which  is  not  yet 
extiuguished. 

Clouds  of  smoke  are  often  observed  to  issue  from  the  lake, 
and  new  crevices  to  be  formed  upon  its  banks.  If  conjee- 
tures  in  such  cases  were  not  too  liable  to  error,  we  might 
suspect,  that  the  whole  valley  has  been  formed  only  by  a 
violent  sinking  of  a  country  which  formerly  poured  the 
Jordan  into  the  Mediterranean.  It  appears  certain,  at 
least,  that  the  catastrophe  of  five  cities  destroyed  by  fire, 
must  have  been  occasioned  by  the  eruption  of  a  volcano 
then  burning.  Strabo  expressly  says,  *'  that  the  tradition 
of  the  inhabitants  of  the  country  (that  is  of  the  Jews  them- 
selves)  was,  that  formerly  the  valley  of  the  Lake  was  peopled 
by  thirteen  flourishing  cities,  and  that  they  were  swallowed 


•  Tmvels  in  Egypt  «nd  Syria,  vol,  i.  p.  881 ,  88S.  See  likewi 
menccmenl  oF  tha  new  nnvel  of  ihe  TalUnau,  a  vBry  pii-liireai 
itotly  cuictdcsc  rip  lion  ofthi  neighbaurhood  of  the  Dead  Sia. 


i)p  bj  a  YoloufOt''  .  This  accounl  seenu  to  be  confirmed  by 
the  quantities  of  ruins  dtill  found  by  traTellevB  on  tbe-westem' 
bolder.*" 

-  ^  The  eruptions  themseWet  hsie  ceftsed  long  drnce,  but  the 
effects,  which  usutlly  succeed  them,  still  continue  to  be  fell 
at  ihtervtds  in  this  country.  The  eoiu^  in  genetlal  is  subject 
to: .  earthquakes^  and  history  notices  sereral,  which  have 
changed  the  face  of  Antioch,  Laodicea,  Tripoli,  Berytas^ 
TjNre^  Aftdi  Sidom  ;In  6ur  time,  •in  the  year  1759,  there 
happehed  one  vfaich-  caused'  the  greatest  ravines.  Ir  id  Said' 
tp.have  destroyed,  in  the  valley  bfBalbec,  upwards  of  twenty 
thousand  persons ;  a  loss  which  has  never  been  repaiied.- 
For'  ihree  moikths  the  shock  of  it  terrified  the  inhdbitafits  of 
Lebanon  so  much,  as  to  make  them  abandon  thelt  houm^' 
Md' dwell  under  tents." 

<  In  addition  to  these  remaiks  of  Yolney^  a  recent  travelter, 
Mr.  Legh,*  statea,  that  on  the  sonth-east  side  of  the  Dead 
SeSj  on  the  right  of  the  road  that  leads  to  Karrac,  red  and 
brown  homstone  porphyry,  in  the  latter  of  which  the  fel- 
spar is  much  decomposed,  syenite,  breccia,  and  a  heaVy 
Uack  amygdaloid,  containing  white  specks,  apparently  of 
soeolite,  are  the  prevailing  rocks.  Not  far  from  Shubac, 
(near  the  spot  marked  in  D'Anvilie's  Map,  Patriarchatus 
Hierosolymitefenus),  where  there  were  formerly  copper  mines, 
be  observed  portions  of  scoricB.  Near  the  fortress  of  Shtibac, 
qn  the  left,  are  two  volcanic  craters ;  on  the  right,  onel 

«  The  Roman  road  on  the  same  side  is  formed  of  pieces  of 
lava.  Masses  of  volcanic  rock  also  occur  in  the  valley  of 
EUasar. 

.  The  chemical  properties  of  the  waters  of  the  Dead  Sea,, 
rather  lend  countenance  to  the  volcanic  origin  of  the  suf- 
rounding  country,  as  they  contain  scarcely  any  thing  except 

^  • 

*'  ISee  liis  account  of  Syria,  attached  to  Macmichaers  Journey  firom  14oiCQW 
to  Constantinople. 
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IjkuYiatie  BBlt9,  Dr.  Marcel's  analysis*  giving  in  100  parts  of 

the  water 

Muriate  of  lime 3.920 

Muriate  of  magnesia 10.246 

Muriate  of  soda 10.360 

Sulphate  of  lime 0.054 

24.580 
Now  we  not  only  know  that  muriatic  acid  is  commonly 
exhaled  from  volcanoa  in  a  slate  of  activity,  but  that  mu- 
riatic salts  are  also  frequent  products  of  their  eruption. 

The  other  substances  met  with  are  no  less  corroborative 
of  the  cause  assigned.  Great  quantities  of  asphallum  ap- 
pear floating  on  the  surface  of  the  sea,  and  are  driven  by  the 
winds  to  the  east  and  west  bank,  where  they  remain  fixed. 
Antient  writers  inform  us,  that  the  neighbouring  inhabitants 
-yfent  out  in  boats  to  collect  this  substance,  and  that  it  con" 
Etituted  a  considerable  branch  of  commerce.  On  the  south- 
west bank  are  hot  springs  and  deep  gullies,  dangerous  to_ 
the  traveller,  were  not  their  position  indicated  by  small 
pyramidic  edifices  on  the  sides.  Sulphur  and  bitumen  are 
also  met  with  on  the  mountains  round. 

On  the  shore  of  the  lake  Mr.  Mauudrel  found  a  kind  of 
bituminous  stone,  which  I  infer  from  his  description  to  be 
analogous  to  that  of  Ragusa  in  Sicily,  noticed  in  my  memoir 
onlheGeoIogy  of  that  Island.  + — "  It  is  a  black  sort  of  peb- 
ble, which  being  held  to  the  tlameof  a  candle,  soon  burns,  and 
yields  a  smoke  of  a  most  intolerable  stench.  It  has  tliis  pro- 
perty, (hat  it  loses  a  part  of  its  weight,  but  not  of  its  bulk,  by 
burning.  The  hills  bordering  on  the  lake  are  said  to  abound 
with  this  sort  of  sulphureous  (qu.  bituminous)  stone.  I  saw 
pieces  of  it,  adds  our  author,  at  the  convent  of  St,  John  in 
the  Wilderness,  two  feet  square.  They  were  caned  in  basso 
relievo,  and  polished  to  so  high  a  lustre,  as  black  marble  Is 

•  See  Phil.  Trana.  vol.  Mvii.  p.  989. 

+  I  have  iince  received  n  .peclmen  of  thi>  itone,  wliiuh  lurm  out  to  be  nre- 
^I^ely  similar  to  thai  of  R«bui..  ' 


lH4  Palestine  and  Syria* 

DEMD  8E3i. 


capable.  o(^  and  were  designed  for  the  ornament  of  the  new 
church  in  the  convent." 

It  would  appear,  that  even  antecedently  to  the  eruption 
mentioned  in  Scripture,  bitumen-pits  abounded  in  the  plain 
of  Siddim.  Thus  in  the  account  of  the  battle  between 
the  kings  of  Sodom  and  Gomorrah,  and  some  of  the  neigh- 
bouring princes  (Gen.  ch.  14.)  it  is  said,  And  the  vale  of 
Siddim  was  full  of  slime-pits — ^which  a  learned  friend  as- 
sures me  ought  to  be  trsjiAsiied  fountains  of  bitumen, 

Mr.  Henderson  in  his  Travels  in  Iceland,  will  have  it, 
that  phaenomena  similar  to  those  of  the  Geysers  of  Iceland, 
existed  likewise  in  this  neighbourhood.*  The  word  Siddim, 
te  says,  is  derived  from  a  Hebrew  root,  signifying  *^  to  gush 
out,*'  which  is  the  identical  meaning  of  the  Icelandic  word 
Geyser,  and  it  is  remarkable,  that  there  exists  in  Iceland  a 
valley  called  Geysadal,  which  signifies  the  valley  of  Geysers, 
and  consequently  corresponds  with  the  *^  valley  of  Siddim.** 

The  latter  therefore  he  thinks  should  be  translated  the 
valley  of  the  Gushing  Mountains. 

Mr.  Henderson  further  believes,  that  Sheddim,  the  object 
of  the  idolatrous  worship  of  the  Israelites,  (Deuter.  xxxii. 
J7.  Psalms  cvi.  37)  translated  in  our  version  ^^  Devils," 
were  boiling  springs  derived  from  volcarios,  and  I  may  add, 
as  some  little  corroboration  of  this  opinion,  that  somewhat 
similar  phaenomena  at  the  Lacus  Palicorum  in  Sicily,  vrcre 
the  objects  among  the  Greeks  of  peculiar  and  equally  sangui- 
nary superstition. 

Mr.  Henderson  thinks,  that  it  was  in  imitation  of  these 
natural  fountains,  that  Solomon  caused  to  be  constructed  a 
number  of  Jetting  Fountains,  (as  he  translates  the  passage,) 
of  which  we  readin  Ecclesiasticus,  cap.  ii.  8.  My  ignorance 
of  the  Hebrew  language  precludes  me  from  forming  any 
'opinion  as  to  the  probability  of  these  conjectures,  but  the 
'WdMrb*^  of  hot  springs  in  the  valley,  at  a  much  later  period 
<b  which  he  refers,  .is  fully  established. 

151. 
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'But  beBides  tliU  volcanic  eruption,  which  brought  about 
the  destruction  of  these  cities,  it  would  appear  that  the  very 
plain  itself,  in  which  they  stood,  was  obhtei-ated,  and  thai  a 
lake  was  formed  in  its  stead.  This  is  collected,  not  only 
from  the  apparent  non-existence  of  the  vulley  in  which  these 
cities  were  placed,  but  likewise  from  the  express  words  of 
Scripture,  where,  in  speaking  of  the  wars  which  took  place 
between  the  kings  of  Sodom  and  Gomorrah  and  certain 
adjoining  tribes,  it  is  added,  that  the  latter  assembled  in  the 
valley  of  Siddim,  which  is  llie  Salt  (i.  e.  the  Dead)  Sea,  It 
is  therefore  supposed  that  the  Lake  itself  occupies  the  site  of 
this  once  fertile  valley,  and  in  order  to  account  for  the 
change,  Yolney  and  others  have  imagined,  that  the  destruc- 
tion of  the  cities  was  followed  by  a  tremendous  earthquake, 
which  sunk  the  whole  country  considerably  below  its  former 
level. 

But  the  sinking  of  a  valley,  besides  that  it  is  quite  an  tin- 
precedented  phsenoraenon  in  the  extent  assumed,  would 
hardly  account  for  the  obliteration  of  the  antieiit  bed  of  thtf 
Jordan,  a  river,  which,  though  now  absorbed  in  the  Dead 
Sea,  from  whence  it  is  carried  off  by  the  mere  iiiduence  of 
evaporation,  must,  before  that  Lake  existed,  have  continued 
its  course  either  to  the  Red  Sea  or  the  Mediterranean. 

Now  if  the  Dead  Sea  had  been  formed  by  the  cause  as- 
signed, the  waters  I  conceive  would  still  continue  to  have 
discharged  themselves  by  their  old  channel,  unless  indeed 
the  subsidence  had  been  very  considerable,  and  then  the 
course  of  the  Jordan,  just  north  of  the  Dead  Sea,  would  have 
presented,  what  1  believe  no  traveller,  anlient  or  modem, 
has  remarked,  a  succession  of  rapids  and  cataracts,  propor- 
tionate 10  the  greatness  of  the  descent. 

That  the  Jordan  really  did  discharge  its  waters  at  one 
period  into  the  Red  Sea,  is  rendered  extremely  probable  by 
the  late  interesting  researches  of  Mr.  Burckhardt,  who  has 
been  the  firel  to  discover  the  existence  of  a  great  longitu- 
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dinal  valley,  »xtenil'tng,  in  nearly  a  straight  line  sonlh  we 
trom  the  Dead  bea  as  fiir  as  Akaba,  at  (he  exiremiiy  of  li 
eastern  branch  of  the  Red  8ea,  and  continuous  with  ti 
in  which  the  Jordan  flows  from  its  oiigin  in  the  r 
near  Damaacws.*  It  was  probably  through  this  veiy  vaUej; 
that  the  trade  between  Jerusalem  and  the  Red  Sea  v 
former  times  carried  on.  The  caravan,  loaded  at  Elxei^jebt 
with  the  treasures  of  Ophir,  might  after  a  march  of  six  or 
•even  days  deposit  their  loadsin  the  warehouses  of  Solomoo. 

This  important  discovery  seems  to  place  it  beyond  quer 
tion,  that  if  there  ever  was  a  time  at  which  the  Jordan  v 
not  received  into  a  lai;e,  which  ptceenied  a  surface  coo* 
siderable  enough  to  carry  ofl'  ila  waters  by  evaporatioo,f 
the  latter  would  have  been  discharged  by  this  valley  into  thf 
Red  Sea,  and  hence  every  theory  of  the  origin  of  the  Ld 
Asphaltitis  must  be  regarded  as  imperfect,  which  doeaa 
account  for  the  oblileration  of  this  channel. 

For  my  own  part  were  I  to  offer  a  conjecture  do  the  ml 
ject,  1  should  suppose,  that  the  same  volcano  which  OwX 
whelmed  with  its  ejected  materials  the  cities  of  the  p 
threw  out  at  the  same  time  a  current  of  lava  sufficient 
considerable  to  stop  the  course  of  the  Jordan,  the  i 
of  which,  unable  to  overcome  this  barrier,  accumulated  i&, 
the  plain  of  Siddim  until  ihey  converted  it  into  the  present 
lake4  1  do  not  know  thai  any  traveller  has  observed  1 
is  the  ordinary  depth  of  the  Dead  Sea,  but  if  we  orjy  %m 
gine  a  current  of  luva,  like  that  which  in  1667  pi-ooc 
from  Etna,  and  Howed  into  the  sea  above  Catania,  to  \ 

*  See  the  Map  of  llic  Dead  Sea  allBched  lo  lhi<  volume. 

4  Several  lakes  are  menlloned  in  Persia  similarly  circum 
tioularly  one  near  Tabrli.  See  Marier'a  Sad  Journey  in  P.- 
that  every  lake  wilhout  an  outlet,  which  in  lupplied  witli 
flow  ing  llirouffli  a  stratum  impregnated  with  wit,  mustneiv 
ealine,  u  that  there  is  no  abwiuu?  neceasLty  I'or  suppusiu);  1 1 
Uined  in  thr  waten  of  llie  Dead  Sea  to  lave  arieen  (rani  v» 

5  Thin  must  neoesaarily  have  been  Ihe  esse,  as  (ftccon 
other  travellers),  Ihe  Dead  Sea  ii  enclosed  on  ihc  eaal 
ceeding  high  mounlami. 
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descended,  at  right  anglea  to  the  bedx)f.  tlie'lRiTer' J6nlaiJi| 
the  lake  need  not  be  supposed  very  shallow.*  > 

Nor  need  we  be  startled  at  the  magnitude  of  the  tSfect, 
that  we  find  to  haye  resulted  from  a  cause  which,  CQm{)iunaf 
tively  speaking,  appears  so  insignificant;  for^  if  the  Uitif 
rivulet,  that  flows  at  the  foot  of  the  Puy  de  !»,  Ya«he  in 
Auvergne,  was  adequate  to  produce  the  lake  of  Aidat,  iheti 
seems  no  disproportion,  in  attributing  to  a  river  of  the  sii^ 
of  Jordan,  to  say  nothing  of  the  other  streams,. nowise. ixiy 
considerable  which  must  have  been  affected  by  the  same 
cause,  the  formation  of  a  piece  of  waAer,  which  according 
to  the  best  authorities,  is,  after  all,  not  more  than  twenty? 
four  leagues  in  length  by  six  or  seven  in  breadth. 

That  the  volcanic  eruption  which  destroyed  the  cities  of 
the  Pentapolis  was  accompanied  by  the  flowing  of  a  stream 
of  lava,  may  be  inferred,  I  think,  from  the  very  words  6f 
scripture.  Thus  when  Eliphaz  reminds  Job  of  this  catasr 
trophe,  he  makes  use  of  the  following  expressions,  accordii^^ 
to  Henderson's  translation  of  the  pq^age  :  . 

Hast  thou  observed  the  ancient  tract 

That  was  trodden  by  wicked  mortals! 

Who  were  arrested  on  a  sudden. 

Whose  foundation  is  a  molten  flood* 

Who  said  to  God :  depart  from  us,   . 

What  can  Shaddai  do  to  us  ? 

Though  he  had  filled  their  houses  with  wealth ; 

(Far  from  me  be  the  counsel  of  the  wicked !) 

The  righteous  beheld  and  rejoiced, 

The  innocent  laughed  them  to  scorn  \ 

Surely  their  substance  was  carried  away. 

And  their  riches  devoured  by  fire. 

Job  xxii.  15 — 20. 

The  same  fact,  Mr.  Henderson  thinks,  is  implied  in  the 

*  A  recent  traveller,  Mr.  Carne,  speaks  of  the  Dead  Sea  as  so  shallow,  at 
lj»Mt  for  some  distance  from  it»  banks,  that  he  was  uoablt  to  swinai  in  \U  Set 
his  Letters fromlhe East.    London,  ^^^ 
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\t\oa  of  the  circuinstances   connected    with    Lot^s 
escape.^ 

^  Why  was  he  prohibited  from  lingering  in  any  part  rf  the 
low  land,  if  not  because  he  would  be  there  exposed  to  the 
pestilential  volcanic  ejBHuvia  and  to  the. lava?  And  what 
reason  can  be  assigned  for  his  obtaining  leave  to  stqiin 
Zoar,  but  its  lying  at  some  distance  from  the  spot  where 
the  lava  began  to  act,  as  likewise  on  an  elevation  whence  he 
could  survey  the  approaching  ruin,  and  retire  before  the 
stream  reached  that  place  i  We  accordingly  find,  that  how* 
Bver  desirous  he  was  to  stay  there  at  first,,  he  quitted  it  be- 
fore night,  for  a  still  more  elevated  and  safe  retreat,  ^^  And 
Lot  went  up  out  ofZoar,  and  dwelt  in  the  mountain^Jbr  he 
Jkared  to  dwell  in  Zoar.^^  (Gen.  xix.  SO.) 

^^  How  natural  is  the  incrustation  of  his  wife  on  this  hypo* 
thesis  I  Remaining  in  a  lower  part  of  the  valley,  and  loot 
ing  with  a  wistful  eye  towards  Sodom,  she  was  surrounded, 
ere  she  was  aware,  by  the  lava,  which  rising  and  swelling, 
at  length  reached  her,  and  (whilst  the  volcanic  effluvia 
deprived  her  of  life,)  incrusted  her  where  she  stood,  so  that 
being,  as  it  were,  embalmed  by  the  salso-bituniinous  mass, 
she  became  a  conspicuous  beacon,  and  admonitory  example 
to  future  generations.  The  power  of  this  asphaltic  substance 
in  preserving  from  corruption  is  evident,  from  its  being  em- 
ployed by  the  Egyptians  for  embalming  their  mummies."t 

"  She  is  said  to  have  been  converted  into  a  pillar  ofsaltj 
on  account  of  the  quantity  of  that  substance  which  appeared 
on  the  crust,  and  its  abundance  in  those  countries  is  noto- 
rious, both  from  sacred  and  profane  history ;  so  much  so, 
that  the  lake,  which  now  fills  the  caverns  made  by  the  earth- 
quake, has,  among  other  names,  that  of  the  Salt  Sea«^' 

♦  Henderson's  Iceland,  Vol  1.  p.  153,  154. 

+  Diod.  Sic  lib.  xix.  c.  109.  Mr.  Carne  in  his  Letters  from  the  East,  stately 
that  about  15  years  ago  a  human  body,  or  what  had  the  form  of  one,  was  dis- 
covered floating  not  far  from  the  shore,  and  on  taking  it  out  it  was  found  to  bt 
incrusted  all  over  with  a  thick  and  hard  coating  of  bitumen  and  salt* 
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t  opinion  may  be  entertained  with  regfird 
tu  this  explanation  of  the  disaster  that  awaited  Lot's  wife, 
but  it  will  at  least  be  allowed,  that  the  eruption  of  a  stream 
of  lava,  which  might  have  interfered  with  the  course 
of  the  River  Jordan,  is  not  only  in  itself  a  probable  cir- 
cumstance, but  one  that  tlerives  some  support  from  the 
sacred  writings  themselves. 

Much  however,  it  is  confessed,  remains  to  be  explored, 
before  this  or  any  other  theory  can  be  finally  adopted,  and 
it  is  to  be  hoped,  that  the  first  individual,  who  has  spirit 
and  resolution  enough  to  venture  into  these  inhospitable 
regions,  will  pay  attention  to  the  physical  structure  of  the 
country. 

He  should  in  particular  search  the  rocks  which  bound 
the  Dead  Sea,  in  order  to  discover,  if  possible,  the  crater 
of  the  volcano  which  was  in  a  state  of  eruption  at  the  period 
alluded  to ;  he  should  ascertain,  whether  there  are  any  proofii 
of  that  sinking  of  the  ground,  which,  notwithstanding 
Volney's  authority,  I  have  regarded  as  so  problematical ; 
whether  traces  of  the  antient  bed  of  the  river  can  be  dis- 
covered south  of  the  lake,  or  of  a  barrier  of  lava  stretching 
across  it;  nor  should  he  omit  to  examine, whether  the  ves- 
tiges of  these  devoted  cities  have  been  submerged,  as  some 
have  stated,  beneath  the  waters,  or  are  buried,  tike  Pompeii, 
under  heaps  of  the  ejected  materials. 

It  appears  from  Dr.  Clarke  that  there  are  trace?  of  vol- 
canic rocks  between  Jerusalem  antl  the  sea,  especially  about 
the  Lake  of  Gennesereth,  and  Badhia  describes  a  volcanic 
desert  lying  between  the  River  Jordan  and  Damascus,  which 
was  traversed  by  him  in  his  way  to  that  city.* 

'*  The  Pblegrean  helds,  and  all  that  can  present  an  idea 
of  volcanic  d^truction,   form  but  a  feeble  image  of  the 

•  It  IB  probable  llial  Hie 
JotephuB,  as  extandiug  from  Ji 
Moabitei.wMof  ■  Tolca'ilic  nil 
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fiigfatful  country  through  which  I  passed.    From  the  bHdge 
of  Jacob  to  Sassa,  the  whole  ground  is  composed  of  nothing 
but  lava  J  basalt  ^  and  other  volcanic  productions :  all  is 
blacky  porous^  or  carious ;  it  was  like  travelling  in  the  inr 
fernal  regions. :  Besides  these  productions,  which  cover,  the 
country,  either  in  detached  masses,  or  in  loose,  strata,  the 
surface  of  the  ground  is  entirely  covered  with  loose  voicam^ 
itonesj  from  three  to  four  inches  in  circumference  to  a  foot 
in  diameter,  all  equidly  black,  porous,  or  carious  ;  as  if  they 
had  just  come  out  of  the  crater.    But  it  is  particularly  at  tb^ 
•approaches  to  Sassa,  that  the  traveller  meets  with  grouped 
of  crevices,  and  volcanic  mounds,  of  so  frightful  a  size,  th$^ 
he  is  seized  with  horror,  which  is  increased  if  he  allows  h^B 
imagination  to  wander  to  the  period,  when  these  masses  were 
hurled  forth  with  violence  from  the  bowels  of  the  earth. 
There  are  evident  signs  that  all  this  country  was  formerly 
filled  with  volcanos,  for  we  beheld  several  small  craters  in 
traversing  the  plain."* 

From  this,  coupled  with  Mr.  Buckingham's  description  of 
.the  lake  of  Tiberias,t  which  he  represents  as  situated  in  a 
deep  basin,  surrounded  on  all  sides  with  lofty  hills,  excep- 
ting only  the  narrow  entrance  and  outlet  of  the  Jordan  at 
each  extreme,  we  might  almost  be  induced  to  extend  to  this 
piece  of  water  the  same  explanation,  which  I  have  given 
with  respect  to  the  formation  of  the  Dead  Sea.  The  stream 
of  the  Hieromax  at  least,  which  flows  into  the  Jordan,  just 
where  that  river  issues  from  the  Lake  of  Tiberias,  has  cut 
its  course  through  lava,  and  though  the  same  is  not  expres^ 
stated  to  be  the  case  with  the  Jordan,  yet  it  is  evident,  thtft 
the  impression  upon  Mr.  Buckingham's  mind  was,  that  the 
whole  country  had  a  volcanic  appearance.  It  is  possible 
-then,  that  a  still  more  antient  eruption  may,  by  blocking  up 
the  course  of  the  Jordan  near  this  spot,,  have  caused  the 

♦  Ali  Bey's  TraYels.  Vol.  II.  p.  261,  262. 

f  See  BuckiDgbam's  Travels  in  Palestine,  p.  468  and  44S. 
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lake,  and  that  the  water  may  i^terwards  have  cut  itself  a 
passage  through  the  volcanic  matter,  and  thus  have  regained, 
its  old  channel. 

The  imperfect  acquaintance,  which  we  possess  with  re- 
spect to  the  physical  structure  of  this  part  of  Asia,  does  not 
admit  of  our  tracing  in  a  connected  manner  the  chain  of* 
volcanic  appearances,  which  may  be  suspected  to  extend 
from  the  Red  Sea  to  Asia  Minor, 

One  of  the  links  of  this  chain  may  probably  be  seen  near 
Scandaroon,  as  Mr.  Otter,  when  at  Bylan  in  1737,  was  told 
of  a  mountain  called  Araz  Dagiri,  about  three  miles  from 
that  place,  from  whence  fire  had  for  some  time  issued. 
Pococke  mentions,  his  having  heard  of  this  volcano,  on  hift 
K>ad  to  Seleucia  (now  Souvadi),  from  an  English  gentleman, 
but  that  he  had  not  seen  it  himself.  He  also  specifies  a 
small  hill  north  of  the  town  of  Kepse,  between  the  mouth 
of  the  Orontes  and  the  Bay  of  Scandaroon,  from  which 
smoke  and  occasionally  flames  are  seen  to  proceed.  No 
recent  traveller  however  has  confirmed  this  statement, 
though  Olivier  observed  at  a  place  not  far  distant  traces  of 
antient  eruptions. 

Russel,  in  his  Natural  History  of  Aleppo,*  speaks  of  a 
crater-shaped  cavity  as  existing  near  Scandaroon,  which 
is  called  by  the  natives  the  Sunken  Village.  Although 
it  has  probably  no  reference  to  any  thing  of  a  vol- 
canic nature,  as  the  same  author  informs  us,  that  it  is 
composed  of  coral,  and  various  sea  shells  incrusted  and 
consolidated  by  calcareous  matter  almost  as  white  as  snow, 
yet  I  may  as  well  introduce  the  account  of  it  given  by 
Pococke  in  his  Description  of  the  East.t  According  to 
this  traveller,  it  is  a  round  oval  pit,  about  100  yards  in 
diameter  and  40  in  depth,  the  upper  half  perpendicular, 
the  lower  exceedingly  steep.  There  is  only  one  way  down 
to  it,  which  is  passable  for  beasts.    Half  way  down  there 


♦  Vol.  \  p.  57. 
f  Vok  1.  p.  IW, 
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is  a  grotto  worked  in  the  earth,  about  five  feet  high  and  90' 
broad. 

It  fleems  probable  I  think,  that  some  tradition  at  least  of 
the  volcanic  eruptions,  that  appear  to  have  taken  place  in 
Syria  and  Cilicia,  had  reached  the  ears  of  the  Greeks.  Thus 
Homer,  in  the  only  passage  in  which  he  mentions  the  giant 
Typhoeus,  whom  after  poets  place  underneath  the  rolcano 
of  Sicily  or  of  Naples,  says,  that  the  resting  place  ct  the 
monster  is  reputed  to  be  among  the  Arimeans,  or  in  the 
Arimean  mountains  *  (tn  A^t/Mif),  Now  the  Arimeans  were 
the  aotient  inhabitants  of  Syria,f  and  therefore  we  might 
infer,  that  this  was  the  country  to  which  Homer  alludes.j:  It 
is  however  a  curious  coincidence,  that  the  Arimeans  peopled 
that  part  of  Mysia  near  Smyrna  in  which  volcanic  i^ipetf^ 
ances  are  stated  by  Strabo  to  exist,  and  hence  that  geogr»< 
pher  supposes  Homer  to  refer  to  the  latter  country^  and  not  to 

*  O/  Va^i€rov»^  vait  n  wv^  X^^  9*a'm  tifMiTo* 

XuofjLivUj  oTt  racfjt^t  Tv^o/i/  yauacf  tfJLoa-cm 

Etf  A^iiJuotSy  o9t  ^uo't  Tv(paftos  tfjt,iJiif»t  ivfots- 

Iliad.  B.  781. 

+  Syria  is  called  in  Scripture  Aram,  and  Padan-Aram  (Gen.  xxv.  90,  and 
Stxviii.  2.)  from  Aram,  the  fifth  son  of  Shem,  from  whom  the  Syrian  people 
were  reputed  descendants. 

:(  I  do  not  call  to  my  assistance  the  disputed  verse,  which  is  added  in  some 
fic^ies  to  the  lines  above  from  Homer,  viz. 

Xw^tttvi  ^^t/ofvr/,  TW  if  vioifi  ^u/xa;. 
as  Heyn^  and  the  best  commentators  view  it  as  ao  interpolation,  and  are  still 
more  opposed  to  the  substitution  of  the  word  law  for  "^f^Jiir,  which  was 
originally  proposed  by  Dickinson  in  his  Delphi  Phcenicissantes,  and  afterwank 
adopted  by  Wood  in  his  Essay  on  the  original  Genius  of  Homer.  As  the  word 
h»»  does  not  occur  in  any  classical  writer,  it  is  hardly  probable  that  Homer 
could  have  employed  it. 

It  has  been  supposed  by  Leclerc  with  somewhat  more  probability,  that 
the  fiible  of  the  Giant  Typhceus,  so  well  described  by  Hesiod  in  his  Theogeois 
Vers.  820  to  870,  arose  from  a  vague  tradition  which  had  reached  the  Gi«eb 
from  Phoenicia  of  the  destruction  of  the  cities  of  the  valley  of  Siddim :  he 
remarks  that  the  lines  beginning 

allude  to  the  manner  in  which  the  event  took  place. 
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Syria*  ♦  Thus  after  speaking  of  the  country  round  Phila- 
delphia in  Asia  Minor  (now  Ali  Shahir  near  Smyrna)  which 
I  shall  presently  allude  to,  he  adds  that  it  is  here  the  old 
writers  lay  the  scene  of  the  circumstances  related  of  Ty» 
phon,  and  place  there  the  Arimi  and  the  Catacecaumene, 
under  which  names  indeed  they  venture  to  rank  th^  whole 
country  between  Lydia  and  the  Meander. 

But  whatever  maybe  thought  with  respect  to  the  spot 
re&rred  to  by  Homer,  there  can  be  no  doubt,  that  the  Greeks 
were  aware  of  the  existence  of  volcanic  phsenomena  in  some 
part  of  Cilicia.  Thus  Pindar,  when  he  speaks  of  Typhoeus 
being  crushed  under  Cumse  and  Sicily,  says  that  he  was 
before  confined  in  Cilicia.t 

It  appears  from  Olivier,  that  there  are  in  Lydia,  ofi  the 
borders  of  Caramania,  conical  hills,  on  one  of  which  is  situ* 
ated  an  old  castle  called  ''  the  Black  Rock." 

Riedesel  has  discovered  lava  nearly  opposite  in  Samos,  and 
Clarke  mentions  a  tire  arising  from  this  island. 

In  Lycia  the  ancient  writers  notice  a  burning  mountain, 
the  top  of  which  was  the  resort  of  lions,  the  middle  of  goats, 
whilst  the  bottom  abounded  in  serpents,  whence  arose  the 
fable  of  the  monster  Chimaera,  the  head  of  which  was  that 
of  a  lion,  the  middle  of  a  goat,  and  the  hinder  parts  those 
of  a  dragon,  and  which  continually  vomited  forth  flames. 

Beaufort,  in  his  Caramania,  describes  his  visit  to  this  moun- 
tain, which  as  of  old  sent  forth  fire,  not  like  that  of  Eltna, 

Matxf^^H  xai  Ai^u9  amovff  wovokv  ro'attrr«*— • 

Strabo.  Lib.  12. 
•f   Of  IK  mnst  TecfretfM  xi<— 

rxt  0tu9  voXifMOf 

Tv^us  tuarofrmtai^xfofy  rov  Trort 

J>Ttpat  >M^^^rm  j 

Pyth.  Od.  1^ 
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but  quiet  and  regular.  The  antients  state  that  this  fire  did 
not  even  destroy  the  plants  that  grew  around,  and  Beaufint 
remarks  the  very  same  thing. 

**  Trees,  brushwood,  and  weeds,"  he  says,  **  grow  close 
round  the  cratei,  never  accompanied  with  noise  or  earth- 
quakes; nor  does  it  ever  eject  stones,  smoke,  or  noxioas 
vapours."* 

It  is  evident  from  this  account,  that  the  above  pheno- 
menon ought  not  to  rank  with  those  of  volcanos,  but  like 
that  of  ApoUonia  in  the  mountains  of  Albania,  or  the  Pie- 
tra  mala  in  the  Appennines,  owes  its  origin  to  a  slow  dis- 
tillation of  bituminous  matters. 

la  Mysia  however  we  have  accounts  from  Strabo  of  ap- 
pearances more  to  our  present  purpose.  Near  Smyrna  is  a 
tract  of  country,  known  in  ihe  time  of  that  geographer  by 
the  name  of  Catacecaumene  from  its  burnt  and  arid  appesr* 
ance.  It  is  without  trees,  he  says,  t  with  the  exception  of 
the  vine,  from  which  wine  is  made,  that  yields  to  none  of 
the  most  celebrated.  The  surface  of  the  ground  is  cindery, 
and  the  mountains  and  rocks  are  black,  as  if  thev  had  been 
calcined.  Some,  he  adds,  have  supposed  the  country  to 
have  been  aflFected  by  fire  from  heaven,  but  it  is  most  prob- 
able, that  so  large  a  tract  as  this  should  have  been  burnt 
by  fire  proceeding  from  the  earth. 

♦  See  the  Description  of  Caramania,  by  Capt.  Beaufort,  R.N.    1  Vol.  Svo. 
T  tAtrcc  ot  ravT^iO'Tti  i  Kxraxucavfji^fyi  Xiyofxivn  %^f «,  ia.^kos  fuv  tuu 

f^vratKOT'tuif  a^oMioffy  *nXotros  J«  rtr^ocxocr'iufj  lire  Mva-iatv  "Xff^  xaX<ry,  i<T« 
M)}oyi«y*  Ktynrxt  ya^  ifji^ori^eos'  uwavrac  a^eyJ^of ,  7F\yif  ufA.'eriXH  nns  tof 
K«r^x2Xdsv/:Aey/njy  (ps^H<ms   o/yoy,    ov^nos  rut  iKKoyl^A-ui   oc^trin    XetirotAmt* 

iis  af  t$  tnrtnavtnus,  ElKoc^aa-i  ym  opy  rms  In.  KB^acmoQoKioJt  icxi  7£^0~nifM 
ovfjJovifxt  rvTOy  xdi  ^x,  oxvoD^/  r«  Vi^t  rov  Tv(pcina  tvTacvOet  (sM^oKayin* 
Oyx  IvXoyoy  $e  vifq  roisruf  iroiQuv  ruy  roarotvnoi  %<vf  ay  ticw^crQiivait  aBfiovf, 
aXX^  /AoXXoy  ^o  yiry^fas  w^qs'  iKkmttn  ^e  ypy  ras  imyois'  ^stttwrreu  ^i  ttu 
fio&^t  T^^tSy  ovs  (pvqrqts  XMkovartiiy  ocroy  rtrla^oiicoifTX  dyXfiXouv  ^uotutcu 
ecthtif*  imt^xsivTxt  ^t  Xo^ot  r^Si^us,  ovs  itKOS  ix,  rajv  o^a^v^ifiirrtn 
wtw^tvj^au  f^t^^wf,     Strabo.  Ed.  Fi^l,  p.  900. 
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It  is  true,  that  its  sources  are  now  exhausted,  but  three 
hollows,  called  in  the  country  (^vir»t)  still  exist,  as  much  as 
•40  stadia  apart  from  one  another,  which  are  overhung  by 
rugged  rocks,  formed  in  all  probability  from  melted  masses  of 
stone,  heaved  up  like  bladders.  Strabo  also  makfes  mention 
of  volcanic  appearances  in  the  neighbourhood  of  Laodicea, 
land  the  cave  called  Plutonium,  near  the  town  of  Hierapolis 
in  the  same  district,  seems  to  have  been  another  Grotto  del 
Cane,  being  filled  with  a  noxious  vapour  speedily  fatal  to 
arrimal  life.*  The  carbonic  acid  given  out  probably  im* 
parted  to  the  springs  the  property  of  dissolving  calcareous 
earth,  which  from  Strabo's  account  they  possessed  in .  so 
remarkable  a  degree,  that,  when  the  water  was  conducted 
along  the  vineyards  and  gardens,  the  channels  became  long 
fences,  each  a  single  stone.  Yet  this  strong  petrifying  pror 
perty  did  not  prevent  them  from  being  potable.t 

The  great  difficulties  that  attend  travelling  in  these  coun* 
tries,  and  the  circumstance,  that  hitherto,  the  attention  of 
European  enquirers  has  been  directed,  rather  to  the  anti* 
quities,  than  to  the  natural  history  of  these  classical  spots, 
will  readily  account  for  the  want  of  more  precise  informa* 
tion  on  the  subject  of  their  volcanos,  and  ought  to  pi^vent 
us  from  rejecting  the  accounts  of  ancient  writers,  because 
they  have  not  as  yet  been  fully  confirmed  by  the  researches 
of  the  moderns. 

*  It  seems  that  the  priests  of  Cybele  claimed  a  singular  exemption  from  the 
influence  of  this  vapour,  and  Dion  Cassius,  in  hisaccotint  of  the  cavern,  extends 
it  to  aU  Eunuchs.  It  is  not  difficult  to  understand,  bow  this  fraud  might  be 
maintained,  as  the  specific  gravity  of  the  gaseous  fluid  is  such,'  that  it  only 
occupies  tli^  bottom  of  the  cavern,  so  that  a  bird,  or  even  a  quadruped,  whose 
head  was  low,  would  be  immediately  suffocated ;  whilst  the  priest,  walking 
more  upright,  might  easily  proceed  as  far  as  the  entrance  (which  is  all  diat 
Strabo  says  he  saw  him  do)  without  feeling  the  effects,  oi  o  AVoxofTM  r«XAof 
9r*^iotyn  avoQttfy  vart  has  fAi^t  rn  orofMH  v^no'ia^tn^  x»/  ivjcwri/f,  nas 
xarac^whn  t^XS*  ^^^^j  avinj(OfrAf  vs  fwt  to  voXv  to  wnvii.»»  Strabo.  p.  903L 

I  find  that  Chandler  has  already  made  a  remark  to  nearly  the  same  purp^. 
See  his  Travels  in  Asia  Minor,  ch,  48.  &  49. 

f  To  .^f  rnf  am«Xt^»MtaiS  K»t  tvt  ruf  tv  Kottl^tKttfi  if^rafMMV  favt 
wviiSmnn^  iiatif9^  t yTA^y  iror</A«nr.     Strabo.  p.  905 
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We  must  nerer  forget,  that  in  Asia  things  appear  to  be 
taldi^  quite  an  opposite  coufse  to  that  which  they  ponue 
in  Europe,  and  that  whilst  mtoaog  oundres  die  advanoa- 
msnt  of  knowledge  is  so  uninterrupted,  that  we  sae  in  Ae 
habit,  not  akogether  without  reason,  of  meaamipg  the 
▼alueof  infbraiaticm  on  subjects  of  this  desariptiaB,  m  aoais 
degree  by  the  Biodernneas  of  their  date,  the  Teqr  cositnuTf  nde 
must  hold  gonri  in  ihr  Foit^  whiir  anj  nappiiiail  bi|w  ■itailj 
in  the  obsenrers  is  more  than  poanferbalanced  by  tke  lefn^ 
grade  condition  of  the  people,  and  the  increaaed  ofaatadss 
which  are  thus  pieaented  to  the  travdler. 

Neyertheless  we  have  in  this  instance  the  evidence  of  a 
modem  obserrer  for  the  existence  of  Tolcanoa  not  &r 
from  Smyrna,  as  wdl  as  in  other  fiurther  in  the  interior* 
Mr.  Brown,  the  Afiican  traveller,  in  a  letter  addieased  to 
Mr.  Temiant  during  his  last  journey,  and  dated  Tefliz^  drai 
expresses  himself:-— 

^  My  eyes  have  been  very  mudi  opened  in  this  journey, 
to  the  volcanic  nature  of  certain  parts  of  Asia  Minor  and  its 
confines.  At  Kdlab,  near  the  Hermus,  only  three  days 
from  Smyrna,  may  be  seen  an  unquestiooable  site  of  vol- 
canic eruption.  It  is  one  of  the  most  recent,  though  still 
probably  of  a  very  remote  period.  Carabignar  is  another, 
but  this  probably  may  have  been  noticed  by  others.  K^ah, 
I  imagine,  has  not  hitherto  been  observed.  I  shall  hare 
something  to  say  of  Afium  Karahissar.  The  neighboui^ 
hood  of  Konie,  and  still  more  of  Kaisarie,  is  overspread 
with  fragm^its  of  lava,  some  of  it  almost  in  the  state  of 
scoriae.  The  quantity  of  lava  in  the  district  of  Erzerum  is 
immense,  and  the  whole  country  about  Mount  Ararat  is 
volcanic.  The  eruptions  in  these  places  seem  to  be  of  th» 
great  antiquity.  * 

Volcanic  matter  about  Erzerum  is  so  widely  diffused  that 
I  am  disposed  to  acquit  Sestini  of  exaggeration  in  his  route 
to  Diarbekir."— Walpole's  Travels  in  the  East,  p.  178. 

JVUUbrun*    likewise   quotes   an   Arabian    geogiapker, 

*  MaUbrun's  Geography,  vol.  3|  p.  102. 
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Hadji  Khal&h,  in  proof  of  the  existence  of  an  extinct  vol- 
cano in  Armenia,  in  a  hill  called  Djebel-Niniroud,  or  the 
Hili  of  Nimrod,  which  has  on  its  summit  a  lake,  probably 
once  the  crater. 

Olivier  also  notices  an  extinct  volcano  between  Birt  and 
Orfa,  two  leagues  from  the  latter  place,  and  likewise  between 
Orfa  and  Mosul,  the  capital  of  Curdistan.*  He  suspects 
the  great  mountain  Sindsjaar,  to  be  volcanic. 

It  would  seem  that  some  indications  of  the  same  descrip- 
tion existed  formerly  in  the  country  of  Adiabene,+  between 
the  Tigris  and  Euphrates,  near  ihe  city  of  Niniveh,  for 
Szetzes,  in  his  Scholia  on  Lycophron,  v.  704,  mentions,  that 
the  Lake  of  Avernus,  (Xifim  os^nr)  which  moat  persons  refer 
to  the  neighbourhood  of  Naples,  stood,  according  to  some, 
near  that  place.  In  this  coimiry  tiiere  occurred  in  the  year 
18s;2,  the  earthquake  wliich  destroyed  the  townof  Alep,  and 
with  it  no  less  than  8000  persons,  and  which  extended  its 
effects  over  a  radius  of  50  leagues.^ 

Kinncir,  in  his  memoir  on  the  Persian  Empira,  conjectures, 
that  the  Island  of  Ormus,  at  the  entrance  of  the  Pc^ian 
Gulpli,  may  also  be  volcanic. 

The  chain  of  the  Caucasus  exhibits,  according  to 
Reinegg,  rocks  containing  glassy  felspar,  and  columnar 
basalt,  and  Mount  Ararat  has  long  possessed  the  character 
of  a  volcanic  mountain.     It  is  remarkable   however,  that 

*  Ker  PoDpr  mlio  ipeaksarwliBl  b«  oallii  K  Sulphur  Desert  in  Lower  Cur. 
diHlan  near  Snliirania,  Hnd  meuliona  very  abundant  Naplillin  uprioga  at 
Kirkoofc,  a  town  Boulh  of  Mosul. 

+  A  German  wriior,  Riekler,  (Ideen  lu  eiuer  tultanischen  Etd-globus)  b» 
KHBtithat  iot^g  Imagined,  IliBt  the  fiery  sKord,  by  whic^h  dur  first  parenia  were 
driven  from  Paradise,  HU  a  yalcanic  emptjon,  and  bs  appeala  to  (he  exiilencs 
of  voltaiitM  near  rbu  EuphrateB,  jo  uuafirmalian  of  Ihia  Dpiaiaii. — For  my  •im 
part  I  nliall  feel  ealiBfied,  if  1  liavo  succeeded  in  tracing  hiatorlcal  rccorda  of 
¥olcanic  erupUons  to  the  period  of  tbc  dealruclion  of  llie  cities  in  Ihe  val"  of 
Siddim,  and  am  iQiitent  to  .earch  the  book  a/nalare  for  llioacofuu  tarljei  tktc. 
}  Ferunac,  Bulletin  de>  Scicntti  for  May,  IS85. 
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JMbrier,  who  spent  some  time  at  its  foot,  makes  no  mention 
^f  any  appearances  of  this  kind,  and  that  nothing  which 
faTOun  such  an  hypothesis  can  be  extracted  fronoi  Toumdbrt, 
a  traveller,  who,  though  principally  attentive  to  botany,  ap- 
pears, ifom  the  notice  he  has  taken  of  the  Island  of  Santo- 
^rino  and  other  places  in  the  Archipelago,  to  have  been  alife 
:to  the  existence  of  Tokanic  phsenoniena  when  they  came 
before  him.  The  most^recent  account  of  this  moantain  is 
.that  given  by  Ker  Portel",*  which,  as  it  includes  all  the  in- 
formation that  is  to  be  gleaned  from  other  sources,  I  shaU 
isxtract  entire; 

'^  On  viewing  Mount  Ararat  from  the  northern  side  of  the 
plain,  its  two  heads  are  seen  separated  by  a  wide  cleft,  or 
rather  glen,  in  the  body  of  the  mountain.  The  rocky  side 
.of  the  greater  head  runs  almost  perpendicularly  down  to  die 
north-east,  whilst  the  lesser  head  rises  from  the  sloping 
bosom  of  the  cleft  in  a  perfectly  conical  shape.  Both  heads 
are  covered  with  snow.  The  form  of  the  greater  is  similar 
to  the  less,  only  broader  and  rounder  at  the  top,  and  shows, 
to  the  north-west,  a  broken  and  abrupt  front,  opening,  about 
half-way  down,  into  a  stupendous  chasm,  deep,  rocky,  and 
peculiarly  black.  At  that  part  of  the  mountain,  the  hoUow 
of  the  chasm  receives  an  interruption  from  the  projections  of 
minor  mountains,  which  start  from  the  sides  of  Ararat,  like 
branches  from  the  root  of  a  tree,  and  run  along  in  undu- 
lating progression,  till  lost  in  the  distant  vapours  of  the 
plain. 

The  dark  chasm,  which  I  have  mentioned  as  being  on  the 
side  of  the  great  head  of  the  mountain,  is  supposed  by  some 
travellers  to  have  been  the  exhausted  crater  of  Ararat.  Dr. 
Reineggs  even  affirms  it,  by  stating,  that  in  the  year  1783, 
during  certain  days  in  the  months  of  January  and  February, 
an  eruption  took  place  in  the  mountain,  and  he  suggests  the 
probability,  of  the  burning  ashes  ejected  thence,  at  that  time 

•  Sir  Ker  Porter's  Traveli  in  Georgia,  &c.  vol.  1.  p.  182. 
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reaching  to  the  south  side  of  Caucasus,  (a  distance  in .  a 
direct  line  of  320  wersts)  and  so  depositing  the  .volcanic 
productions,  which  are  found  there.  The  reason  he  gi?esfor 
this  latter  supposition  is,  that  the  trap  seen  there  did  not 
originate  in  these  mountains,  and  must  consequently  have 
he«ti  sent  thither  by  volcanic  explosions  elsewhere.  And 
that  this  elsewhere,  which  he  concludes  to  hav«  been  Ararat, 
.may  have  been  that  mountain,  I  do  not  pretend  to  deny; 
but  those  events  must  have  taken  place  many  centuries  ago, 
■even  before  history  took  note  of  the  q>ot,  for  since  that 
.period  we  have  no  intimation  whatever  of  any  pan  of  Ararajt 
having  been  seen  in  a  burning  state.  This  part  of  Asia 
.was  well  known  to  the  antient  historians,  fix>m  being  the.seat 
-of  certain  wars  they  describe ;  and  it  cannot  be  supposec^ 
'that  had  so  conspicuous  a  mountain  been  often  or  ever 
'.^within  the  knowledge  of  man),  in  a  state  of  volcanic  erup* 
tion,  we  should  not  have  heard  of  it  from  Strabo,  Pliny, 
Ptolemy,  or  others  :  but  on  the  contrary,  all  •  these  writers 
are  silent  on  such  a  subject  with  regard  to  Ararat ;  while 
every  one  who  wrote  in  the  vicinities  of  Etna  or  of  Vesur 
tvius,  had  something  to  say  of  the  thunders  and  molten  fires 
of  these  mountains.  That  there  are  volcanic  remains  to.  a 
vast  extent  round  Ararat,  every  one  who  visits  that  neigh- 
bourhood must  testify,  and  giving. credit  to  Dr.  Reinegg's 
assertion,  that  an  explosion  of  the  mountain  had  happened 
in  his  time,  I  determined  to  support  so  interesting  a  fiurt 
with  the  evidence  of  every  observation  on  my  part,  when  I 
could  reach  the  spot 

But  on  arriving  at  the  monai»tery  of  Eitch«mai-adzen, 
where  my  remarks  must  chiefly  be  made,  and  discoursing 
with  the  fathers  oa  the  idea  of  Ararat  having  been  a  volcano, 
■  I  found  that  a  register-  of  the  general  appearances  of  the 
mountain  had  been  regularly  kept  by  their  predecessors  and 
(bem^elves  fpr  upwards  of  800  years  \  and  th^t  nothing  of 
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an  eruption,  or  any  thing  tending  to  such  aa  event,  ww  to 
be  found  in  any  of  their  notices. 

.  When  I  spdLe  of  an  explosion  of  the  mountain  having 
taken  place  in  1783,  and  which  had  been  made  known  ia 
Suiope  by  a  traveller  declaring  himself  an  eye-witnessy  thej 
inrefe  all  in  surprise ;  and  besides  the  written  documents  to 
ibe  contrary,  I  was  assured  by  several  of  the  holy  brethiea 
!Vflio  had  been  resident  on  the  plain  for  upwards  of  40  yean^ 
iliat  during  the  whole  of  that  period  they  had  never  aeea 
even  a  smoke  from  the  mountain.  Therdbre  how  the  an* 
ihor  fell  into  so  very  erroneous  a  misstatement,  I  can  form 
no  guess. 

Kinneir  also  notices  a  mountain  called  Sq>an  Dag  which, 
^  flays,  is  conical  and  has  every  appearance  of  b^ng  vol- 
'caaic.  It  is  situated  near  the  Lake  of  Van,  in  AnBenia^  be- 
tween Erzerum  and  Betlis.  Quantities  of  obsidian  are 
4bund  along  the  borders  of  the  lake.* 

Ker  Portert  also  describes  and  gives  a  plan  of  a  valley 
near  Erivan,  which  he  passed  on  his  way  to  Mount  Ararat, 
•the  rocks  of  which  consist  of  columnar  basalt. 

The  principal  mountain  is  called  from  its  turretted  form, 
.the  Castle  of  Tiridates. 

• 

.  Still  fitrther  north,  near  the  River  Kuban,  between  the 
Black  Sea  and  the  Caspian,  Engelhardt  and  Parrot:|:  have 
noticed,  several  hills  composed  of  similar  materials  to  the 
Wolkenberg,  in  the  Siebengebirge,  near  Bonn. 

The  rock  consists  of  needle-shaped  crystals  of  basaltic 
.hornblende,  small  ditto  of  augite,  glassy  felspar^  common 
hornblende  in  nests,  and  a  little  quartz.  Its  structure  is 
sometimes  lamellar,  sometimes  columnar.    Its  colour  red. 

This  rock  is  found  associated  with  Muschelkalk,  but  tbe 
boundary  is  not  well  defined. 

♦  Kinneir's  Travels  in  Asia  Minor,  f  •  874 
+  Travels  in  Georgia,  vol.  2.  p.  624. 

X  Engelhardt  and  Parrott.  Reise  in  dem  Krym  und  dem  Caucasus    Berlin 
1825. 
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Neither  lava  nor  craters  occur  among  these  mountains. 

Mount  Kasbeck,  the  highest  eminence  in  this  chain,  esti- 
mated by  these  travellers  at  no  less  than  14,400  feet,  is  com- 
posed of  porphyry  (qu.  trachyte)  which  is  columnar. 

The  valley  of  Terek,  a  river  which  rnn«  from  west  to  east, 
and  empties  itself  into  the  Caspian,  seems  to  exhibit  a  repe- 
tition of  the  same  rock  formations  which  I  have  noticed  as 
occurring  in  Hungary.  We  have  here  not  only  an  alter- 
nation of  clay-slate  and  greenstone  with  a  porphyry,  which 
appeal's  to  correspond  with  the  older  porphyry  of  Sehemnitz, 
with  sienite  or  granite,  with  gneiss,  and  even  with  a  bitu- 
minous limestone ;  but  we  find  in  the  vallies,  and  resting  on 
the  other  rock  formations,  a  clay  porphyry,  containing  frag- 
ments of  the  older  porphyry,  a  conglomerate  with  a  por- 
phyrilic  basis,  and  what  is  more  curious,  beds  consisting 
chiefly  of  pumice.  The  latter  is  greyish,  reddish,  or  yetlow- 
ish  white,  porous,  with  a  fracture  partly  uneven,  partly 
fibrous — the  fibres  often  curved.  It  contains  plates  of  mica, 
and  crystals  of  glassy  felspar,  sometimes  even  a  little  horn- 
blende. 

The  pumice  constitutes  detached  conical  hills,  which  rise 
up  from  the  slope  of  the  valley  of  Terek. 

The  rock  is  in  part  like  a  pumiceous  conglomerate,  in 
which  each  separate  fragment  is  clothed  with  a  blackish- 
brown  metallic  coating,  owing  to  which  the  parts  appear 
with  black  and  white  stripes. 

Under  the  blocks  of  pumice  are  fragments  of  clayslate, 
which  are  in  like  manner  coated. 

The  lower  stratum  of  these  detached  conical  hills,  is  a  bed 
of  conglomerate,  consisting  of  a  yellowish -white  argillaceoua 
mass,  interspersed  with  blocks  of  pumiceous  porphyry  and 
clay-slate  of  various  sizes. 

A  similar  formation  occurs  at  the  foot  of  Kasbeck. 

It  would  seem  from  this  description,  that  evidences  of  vol- 
canic action  extend  over  this  part  of  the  Caucasus  as  they  do 
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oyer  Hungary,  for  though  Engelhardt  is  disposed  to  conaidier 
the  pumice  a  porphyry  altered  by  weathering,  yet  I  cannot 
beliere  that  this  intelligent  naturalist  means  to  question  the 
igneous  origin  of  such  a  deposit.  The  description,  which  he 
hashimself  given  of  the  characters  of  this  substance,  is  de- 
cisive on  the  point. 

At  Baku,  a  town  situated  on  a  small  peninsula  which 
stands  out  on  the  western  side  of  the  Caspian  Sea,  forming  a 
sort  of  advanced  post  of  the  Russian  dominions,  phaeno- 
mena  occur  which  have  been  hastily  set  down  as  volcanic. 
The  rocks  consist  chiefly  of  a  bituminous  shale,  which  is  in 
some  places  so  impregnated  with  petroleum,  that  wells  are 
sunk  for  the  purpose  of  obtaining  it,  from  some  of  which  as 
much  as  1000  or  1500  pounds  are  daily  obtained.  It  is 
natural  that  a  formation  of  this  kind  should  give  rise  to 
certain  pseudo-volcanic  phaenomena,  and  I  believe  that  all 
the  facts  related  by  travellers,  which  have  led  to  the  notion 
of  volcanic  action  existing  there,  may  be  referred  to  this 

cause. 

It  would  be  interesting  to  ascertain,  whether  the  same  for- 
mation which  contains  the  petroleum  at  Baku  extends  to 
the  Island  of  Taman,  near  Crim  Tartary,  where  similar 
phaenomena  have  been  obsei-ved,  and  whether  it  has  any 
connexion  with  the  bituminous  limestone  noticed  by  Engel- 
hardt as  existing  in  the  valley  of  Terek. 

It  should  be  mentioned  however,  that  the  sudden  rise  of 
an  island  in  the  Sea  of  Azof,  which  is  stated  to  have  hap- 
pened in  the  year  1814,  seems  to  lend  countenance  to  the 
idea  of  the  continuance  of  true  volcanic  action  in  that  dis- 
trict even  at  the  present  period. 

The  account  is,  that  on  the  10th  of  May  in  that  year,  a 
frightful  noise  was  heard  in  the  sea,  round  a  distance  of  200 
toises.  Flames  rose  from  the  water,  accompanied  by  ex- 
plosions as  loud  as  those  of  a  cannon.  A  thick  smoke  was 
blown  about  by  the  violence  of  the  wind,  and  enormous 
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masses  of  earth  were  seen  tfafrown  up  in  th6  air,  together 
with  large  stones. 

Ten  eruptions  of  this  kind  took  place  at  integrals  of  a 
quarter  of  a  hour.  Similar  phsenomena  continued  during 
the  night.  T>iere  then  rose  out  of  the  sea  an  island,  whicfi 
threw  out  from  several  apertures  a  muddy  substance,  that 
acquired  by  degrees  some  consistency. 
'  During  this  time,  a  remarkable  smell,  which  had  nothing 
of  a  sulphureous  nature,  was  perceived  over  a  space  of  ten 
wersts.  On  the  20th  of  April,  a  nearer  examination  of  th6 
island  was  undertaken,  and  it  was  found  almost  inacces* 
sible,  being  surrounded  on  all  sides  with  hardened  mud. 
When  they  had  at  last  succeeded  in  reaching  the  interior  of 
the  island,  its  height  above  the  level  of  the  sea  was  found 
to  be  a  toise  and  a  half,  and  its  surface  was  seen  to  be 
every  where  covered  with  a  stony  material  of  a  whitish 
colour.* 

In  the  chain  of  Elburs,  which  bounds  the  Caspian  Sea  on 
the  south,  there  occurs  a  lofty  mountain  called  Demavend, 
which  has  long  been  noted  as  a  volcano  ;  and  as  the  Greeks 
attributed  the  agitations  of  Mount  Etna  to  the  Giant 
Typhceus  burned  under  it,  so  the  Persians  believe  that 
Zohag,  one  of  their  sovereigns,  remarkable  for  his  tyrannies, 
after  being  conquered  by  Feridoun,  the  ancestor  of  Zoro- 
aster, was  imprisoned  in  this  mountain. + 

Feridoun  appears  to  have  been  a  personification  of  the 
good,  as  Zohag  was  of  the  evil  principle,  being  confounded 
with  Ahriman ;  and  if  we  were  disposed  to  follow  Bufibn  ih 
the  fanciful  picture  he  has  drawn  in  his  Epoques  de  la 

*  Leonhard.  Taschenb.  der  Mineral.  X.  p.  476. 

+  Zend-Avesta,  translated  by  Anquetil  du  Perron,  vol,  i.  part  3.  p.  422, 
and  vol.  ii.  p.  410. — Morier,  in  his  Travels  in  Persia,  vol.  ii.  p.  355.  giv^ 
rather  a  different  version  to  the  tale.  My  readers  will  recollect  other  par- 
ticulars respecting  Zohag,  in  the  new  Novel  of  the  Talismaa.  ^ 
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Nature^  of  the  emAy  state  of  the  worid,  which  he  siqppotes 
to  have  been  at  first  so  sabject  to  the  raTageaof  fire^  as  to  be 
mifit  for  the  maintenaiice  of  animal  life,  we  m^hi  then 
imagine  the  confinement  of  Zohag  within  the  entraila  of  Ait 
mountain,  to  have  been  typical  of  the  gradoal  diminutimi  pf 
the  Tolcanic  action,  which  rendered  the  cooatry  more  and 
more  fitted  for  the  habitation  of  man. 

The  analogy  between  the  Penian  Zohi^  and  the  QteA 
Tjpbceos,  holds  good  in  othtf  reqpects;  as  Zohag  wia 
figured  with  a  serpent  growing  out  of  either  shoulder,  which 
he  was  obliged  to  feed  with  human  blood,  so  Typhceus  is 
described  with  a  hundred  snakes,  or  a  snake  with  a  hundred 
heads,  proceeding  finom  the  same  part* 

Hesiod  e.  SU* 

Confonnably  with  this  legend,  Olivier  found  on  Demavend 
lava  and  columnar  basalt ;  Morier  states,  that  it  is  reported 
sometimes  to  emit  smoke,  and  that  the  circumstance  of  find- 
ing sulphur  in  small  craters  near  the  base  of  the  mountaia 
may  lead  to  the  conclusion,  that  the  cone  is  itself  Yolcanic. 
It  appears  that  a  considerable  commerce  in  sulphur,  as  well 
as  saltpetre,  is  carried  on  from  it.  Morier  further  mentions 
traces  of  the  action  of  fire,  extending  south  of  this  point, 
between  Teheran  and  Ispahan,  and  near  Tabriz,  and 
Olivier  makes  the  same  observation  respecting  this  neigh- 
bourhood, noticing  particularly  the  country  about  Sata 
and  Cashan. 

Among  our  possessions  in  India,  the  accounts  of  volcanic 
appearances  are  vague  and  scanty. 

•  Buffon  Epoques  dc  It  Nature,  p.  S55. 


We  know  indeed  that  the  Island  of  Salsette,  near  Bom- 
bay, is  basaltic,  but  it  does  not  appear  to  be  of  recent 
formation ;  and  Sir  John  Malcohn  in  liis  Memoir  on  Central 
India,  has  inserted  a  letter  from  Captain  Dangerfield,  giving 
an  account  of  the  geological  structure  of  the  province  of 
Malwa,  an  elevated  table  land,  which  stretches  across  the 
centre  of  the  peninsula  between  21°.  SO.  and  91°.  of  north 
latitude,  and  which  is  chiefly  composed  of  trap  rocks. 
These  however  he  considers  to  be  secondary,  and  recognizes 
among  them  nothing  of  a  volcanic  nature.* 

There  is  likewise  in  the  Eastern  Magazine  for  September, 
1S33,  a  notice  of  a  journey  up  the  Ganges,  in  which  it  is 
stated,  that  the  rocks  of  Peerpoint  and  of  Sacrigully  are 
black  and  porous,  like  lavas. 

Amongst  the  Himalaya  range  there  la  said  to  have 
been  discovered  a  volcanic  mountain,  which  is  at  present 
emitting  much  smoke,  but  no  flame.  As  no  one  however 
has  yet  examined  (he  actual  spot,  it  is  impossible  to  deter- 
mine at  present  what  the  real  nature  of  the  phenomenon 
may  be,  and  the  pi-obabllities  are  certainly  against  its  con- 
nexion with  a  genuine  volcano,  both  from  its  situation  in 
the  centre  of  a  vast  continent,  anil  from  the  apparent  absence 
of  any  lavas  or  ejected  masses  in  its  vicinity. + 

In  central  Tartary  we  bave  long  had  obscure  notions  as  to 
the  existence  of  volcanos,  and  Mons.  Fenissac  has  taken  the 
trouble  of  collecting,  in  a  late  number  of  the  Bulletin  dea 
Sciences,^  the  principal  particulars  that  have  been  transmitted 
to  us  respecting  them. 

It  would  appear,  that  at  llie  north  of  Khouei-thsu,  and 
on  the  soutbern  frontier  occupied  at  the  close  of  the  ist 
century  of  the  Christian  tera  by  the  Hioungnou  Turks, 
driven  westward  by  the  Chinese,  there  rises  a  burning  moun- 
tain called  Ho-chan.     On  one  s;ide  of  this  mountain,  add 


•  Malcolm't  Central  [ndia,  vol.  S.  Appmdix. 
f  SceBi¥ws(pr'sPI>ilos. /ournai.     April,  1896. 
,    J  Vol.  3.  for  18S4. 
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ihe  accotinia,  all  the  stones  are  in  a  burning  and  melted' 
state,  and  How  to  a  distance  of  some  (ens  of  li  (i.  ( 
leagues).  This  melted  mass  afterwards  becomes  cold  and 
hard.  The  inhabitants  of  the  country  use  it  for  mediciTW« 
Sulphur  is  also  met  with. 

A  Chinese  writer  of  the  7th  century,  in  speaking  of  Khouei> 
thfiu,  says  :  At  SOO  li  (30  leagues)  north  of  this  town,  there 
is  a  white  mountain,  which  is  called  Aghie.  Kire  and  smobe. 
continually  proceed  from  it ;  it  is  from  thence  that  the  sal 
ammoniac  comes. 

The  antieni  town  of  Kliouei-tUsu  is  the  town  ofKhoutcbs 
of  the  present  lime,  situated  in  41°.  S7.  north  latitude, 
80°  35.  east  longitude,  according  to  the  observations  of 
the  missionaries  sent  towards  the  middle  of  the  last  century 
to  prepare  a  map  of  it.  This  volcano,  which  forms  a  part  of 
the  snowy  chain  of  the  celestial  mountains  (Thian-Chan) 
must  therefore  be  found  nearly  in  42,35  of  N.  latitude. 
It  is  probably  the  same  which  has  at  present  the  name  of 
Kbalar.  According  to  the  account  of  the  Boukharies,  who 
bring  the  Sal  Ammoniac  to  Siberia  and  Russia,  the  latter  it 
found  south  ot'Korgos,  a  town  situated  on  the  Ili.  So  large 
a  quantity  of  this  salt  is  collected  there,  that  the  inbabitanltr 
ofKhoutche  employ  it  to  pay  their  tribute  to  China. 

The  new  description  of  central  Asia,  published  at  FekiB 
in  1777,  contains  the  following  notice  : 

"  The  territory  of  Khoutche  produces  copper,  saltpeD^ 
sulphur,  and  sal  ammoniac.  The  latter  proceeds  from  * 
mountain  called  the  Mountain  of  Sal  Ammoniac^  which  ii 
found  on  the  north  of  the  town.  It  has  many  caverns  and 
.crevices,  which,  in  spring,  summer,  and  autumn,  are  fill«l 
with  fire,  so  that  during  the  night  the  mountain  seems  ilia- 
minated  by  thousands  of  lamps.  No  one  then  can  coow 
near  it.  It  is  only  in  winter,  during  the  coldest  season,  and 
when  the  great  quantity  of  snow  hiis  stifled  the  Hre,  thattlx 
people  of  the  country  approach ;  they  strip  themselves  quite 
luikeil,  ill  order  to  collect  the  sal  ammoniac,  which  is  founil 
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in  the  caverns  in  the  form  of  very  hard  stalactites;  it  is  for 
thia  reason  very  difficult  to  detach  it. 

"  Twelve  days  journey  by  the  caravaiij  north  of  Korgoe, 
is  found  another  town,  commonly  called  Tchougoultchak. 
It  is  situated  at  the  foot  of  Mount  Tarbagatai,  40°.  5,  N. 
lat.  and  80°,  45.  E.  long.  Four  stations  to  the  east  of  this 
town  we  anive  at  the  canton  of  Khoboksar,  near  Khobok, 
which  falls  into  the  Lake  Darlai;  there  is  there  a  smalt 
mountain  full  of  fissures,  which  are  excessively  hot,  but  do 
not  exhale  any  smoke.  In  these  Bssures  sal  ammoniac  siib* 
limes,  and  attaches  itself  90  strongly  to  the  walls,  that  it  is 

necessary   to  bi'eak  the  rock  in  order  to  collect  it." 

Klaproth. 

The  Abbe  Remusat,  in  a  letter  to  Cordier,*  states  his 
having  found  in  the  Japanese  edition  of  the  Chinese  ency- 
clopedia other  particulars  respecting  this  volcano. 

"  The  sal  ammoniac  in  persian  "  Nouchader,"  in  Chinese 
"  Naocha,"  &c.  is  drawn  from  two  volcanic  mountains  of 
Central  Tartary ;  one  is  the  volcano  of  Tourfan,  lat.  43.  30. 
long.  87.  11.  which  has  given  to  the  town  near  it,  the  name 
of  Ho-Tcheou,  town  of  fire  ;  the  other  is  the  "White  Moun- 
tain, in  the  country  of  Bisch-Balikh ;  these  two  mountaina 
throw  out  continually  flames  and  smoke.  There  are  cavities 
there  in  which  they  collect  a  greenish  liquid ;  exposed  to 
the  air  this  liquid  is  changed  into  salt,  which  is  the  sal 
ammoniac  ;  the  people  of  the  country  use  it  in  the  prepa- 
ration of  leather.  As  to  the  Mountain  of  Tourfan,  we  ob- 
serve a  column  of  smoke  rise  from  it  perpetually;  this  smoke 
is  replaced  in  the  evening  by  a  flame  like  that  of  a  torch ; 
birds  and  other  animals  lighted  up  by  it  appear  of  a  red 
colour.  The  mountain  is  called  the  Mount  of  Fire.  In 
order  to  search  for  the  salt,  they  put  on  wooden  shoes,  for 
leather  ones  would  soon  be  burnt.  The  people  of  the 
country  likewise  collect  the  mother  waters,  which  they  boil 
in  cauldrons,  and  obtain  from  thence  the  sal  ammoniac, 
under  the  form  of  loaves,  like  those  of  common  salt. 

*  Aniitles  des  MioGB,  v.  ISiU— p.  135  &  13T. 
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'  These  volcanos  are  400  leagues  from  the  Caspian' Sto. 

Cordier  observes  that  the  existence  of  two  burhirigmoufi- 
Uiins  in  the  midst  of  the  immense  table  land  bounded  by  the 
Ourai,  the  Altaic  Mountains,  the  frontiers  orChitia,  attdthe 
Himalaya  Cbain,  id  very  Worthy  df  attention.  Sal  dm- 
ihoniac  is  never  found  in  Euro|)e  in  any  but  a  volcaidc  rod; 
it  is  therefore  probable,  a  priori,  that  the  origin  of  it  in 
Asia  is  that  assigned  by  the  Abb^  Remtisat,  and  thefpn)- 
fessed  learning  of  that  scholar  gives  an  authority  to  the&cts 
detailed. 

Ferussac  however  remarks,  that  the  volcano  of  Tourfiui  ts 
situated,  according  to  Pere  Gaubil,  in  lat.  43.  30.  long. 
87.  11.  so  that  it  lies  in  the  midst  of  some  considerable  Iake& 
That  of  the  White  Mountain,  in  lat.  46.,  is  also  between  two 
large  lakes,  that  of  Balgasch  arid  Alakotigout. 

The  Mount  of  Firie  or  Ho-chan,  nowKhoutche,  seems  to  be 
the  saftie  as  that  noticed  by  the  Chinese  author  6f  the  7& 
ci^ntury,  tinder  the  riaitie  of  Pechan,  20  leagues  nOtth  of 
Khouei-thoti.  According  to  this  attthor  the  mountain  is 
called  Aghie,  a  word  which,  according  to  M.  Klaproth, 
signifies  the  same  as  Hochan  in  Chinese.  Klaproth  thinks 
that  the  volcano  is  situated  in  42**.  35.  N.  lat.  probably  the 
same  as  Mount  Khatar,  which,  according  to  the  Botikharies, 
is  found  south  of  Korgas,  on  the  R.  Hi.  Thus  all  this  part 
of  Klaproth *s  statemerit,  seems  to  relate  to  a  single  volcano; 
and  the  different  names  of  Mountain  of  Fire  and  White 
Mountain,  by  which  it  is  known,  seem  to  correspond  with 
the  two  volcanos  of  M.  Remusat. 

The  volcano  of  the  environs  of  Tchougoultchak,  must  be 
found  at  the  foot  of  M  CTiamar,  near  the  Lake  Zaisanyand 
does  not  appear  to  correspond  with  either  of  those  •  of  M 
Remusat.  The  number  consequently  of  the  actual' vol- 
canos and  solfataras  in  central  Asia  does  not  appear  ftUj 
made  out. 

In  the  translation  made  by  Hylander  the  Father*  of  8 
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geographical  work  by  Ibn-el-Wardi,  maitlon  is  made  of  a^ 
meuntain  intbe  interior  of  Asia,  from  which  smoke  is 
seen  to  arise  in  the  day,  and  flames  by  night.  This  moun-^' 
tain  is  situated  in  the  country  called  Tim,  which  Hylander 
and  his  son  think  are  the  same  as  the  Botom  of  Edrisi  and 
Abulfeda,  and  the  Bastam  of  Bakoui  •  *  - ' 

This  country  is  situated  between  the  Oxus  and  th^ 
laxartes.  The  mountains  give  rise  to  the  Sogd  (the  Poly- 
timetus  of  ancient  geographers)  a  river  which  waters  the 
Sogdiana.  It  is  worth  while  to  observe  also,  that  according 
to  the  same  Arabian  writer,  this  country  produces  native 
sal  ammoniac,  and  the  substance  called  Zadj,  which  is  either 
alum  or  an  aluminous  slate.    The  burnin<r  mountain  made 

o 

known  to  us  in  this  passage,  must  be  to  the  east  of  the  Lake 
Aral,  and  of  the  Caspian  Sea.  ' 

Pallas  also  in  his  Travels  mentions  a  burning  mountain, 
which  he  visited  in  the  spring  of  the  year  1770,  in  the  go- 
yemment  of  Oremburg,  near  the  village  of  Soulpa  occupied 
by  the  Baschkires,  and  the  river  Jouijousen.  He  speaks 
of  vapours  like  smoke  in  the  day,  and  of  slight  flames  at 
night,  but  he  does  not  view  them  as  volcanic* 

Other  notices  might  be  collected  of  similar  phaenomena 
occurring  in  parts  of  this  vast  tract,  but  they  principally 
depend  upon  the  authority  of  the  TaHar  tribes,  arid  may 
perhaps  turn  out  to  be  the  same  as  those  already  alluded  to.f 

The  only  active  volcanos  on  the  Continent  of  Asia,  that 
appear  to  be  folly  ascertained,  are  those  on  the  Peninsula  of 
Karatschatka. 

KraskeninikofT,  in  his  history  of  that  province,  translated 
into  French  in  1767,  makes  mention  of  three  ;  viz.  ' 

1.  Awachinski,  north  of  the  Bay  Awatscha,  which  had 
an  eruption  in  1737,  followed  by  a  tremendous  earthquake, 

•  Vol.  2.  p.  76. 

^^  See  Schlangin,  in  Pallas.  Nordischen  Beitragen,  vi.  p.  117,  and  do^  vii. 
p.  327.-— Also  Falk  Topog.  des  Run.  Heichv,  vol.  1.  p.  380. 
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during  'which  the  sea  overflowed  the  land^  and  afcerwanb 
receded  so  fiu*,  as  to  leave  its  bed,  between  the  first  aad 
second  of  the  Kurule  Islands,  dry. 

S.  Tulbatchinski,  situated  on  a  tongue  of  land  betweot 
the  ri  ? ers  of  Kamtschatka  amd  Tulbatchik.  Its  first  erupUoa 
took  place  in  1739,  and  caused  the  country  for  50  w^^ststo 
be  covered  with  ashes. 

3.  Kamtschatka  Mountain,  the  loftiest  in  the  country.  It 
was  in  a  state  of  eruption  in  1737,  the  same  year  in  wiiidi 
the  mountain  Awachin^ki  was  in  activity.  It  continued  fa 
a  week  to  throw  out  streams  of  lava  with  great  vehemenoe. 
Sin^e  that  time  it  usually  ejects  ashes  and  scorias  thi«e>or 
four  times  a  year. 

Besides  the  above,  there  are  said  to  be  two  which  only  onit 
smoke,  and  two  which  are  extinct.  They  appear  tob«all 
situated  about  the  southern  part  of  the  Peninsula.* 

From  Kamtschatka  we  may,  to  all  app^rance,  trace  a  line 
of  volcanic  operations  along  the  chain  of  the  AleatiaA 
Islands  to  the  Peninsula  of  Alaschka  in  North  America) 
where  indications  of  the  same  kind  are  said  to  occur. 
Among  the  Aleutian  gi'oupe,  Langsdorf  has  described  a 
rock  near  the  Island  of  Unalaschka,  3000  feet  in  height, 
consisting  of  trachyte,  which  made  its  appearance  in  1795, 
and  seems  to  have  been  thrown  up  all  at  once  from  the 
bottom  of  the  ocean,  and  not  formed  by  successive  accumu- 
lations of  ejected  materials.t  It  appears  from  Otto  Von 
Kotzebue's  Travels,  that  the  geological  structure  of  the 
surrounding  rocks  is  basaltic,  though  they  possess  a  greater 
degree  of  hardness,  and  resist  the  action  of  the  weather  more 
completely  than  basalt  usually  does.  This  he  attributes  to 
the  quartz  and  augite  they  contain. 

Trachyte  and  porphyry  slate,  however,  appear  from  Moriu 
Von  Engelhardt  to  occur  in  Unalaschka.  J 

*  Kraskeninikof,  vol  i.  p.  148. 

f  See  LangsdorfF*s  Voyages,  vol.  ii. 

J  See  Kotzebue's  Voyage,  vol.  iii.  p.  337. 
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The  TolcaiiDS  of  Kamtschatkii  arc  connected  again  in  ihe 
goaili  with  those  of  Japan,  by  means  of  the  Kurule  Islands, 
where  no  less  than  nine  active  volcanoa  occur  according  to 
K  rag  c  henin  ikou . 

In  the  Islands  of  Japan  ten  volcanos  have  been  enume- 
rated, but  little  is  known  concerning  them.  In  the  southern 
part  of  Jesso,  the  most  northern  of  these  islands,  near  tlie 
tuwnofMatsmai,  is  a  harbour,  having  on  its  south  aide  three 
\olcanos,  to  which  Broughtoii:};  gave  the  name  of  Volcano 
Bay.  Near  the  same  spot  are  two  small  detached  islands 
discovered  by  Cap t.  Kiusens tern,  but  more  particularly  de- 
scribed by  Dr.  Tilesius,|i  who  accompanied  that  navigator 
in  the  quality  of  naturalist.  They  are  called  Oosima  and 
Coosima,  and  are  remarkable  iur  llieir  diminutive  size,  that 
of  Coosima  indeed  rising  only  to  the  height  of  150  fathoms 
above  the  level  of  the  water.  Both  islands  appeared  to 
smoke  incessantly,  and  the  vulcanic  appearances  at  Oosima 
emanated  from  a  crater,  one  side  of  which  had  fallen  in,  and 
was  filled  with  red  puzzolana.  The  hollow  between  the 
separated  rocks  was  penetrated  with  spiracles,  which  con- 
tinued in  activity  under  the  sea,  and  the  old  lava,  from 
which  the  present  cone  rises,  is  seentlistinctly  near  the  level 
of  the  water. 

The  Island  of  Jesso  is  supposed  by  Krusenstern  to  have 
been  once  connected  with  that  of  Niphon,  where  the 
straights  of  Matsm^  now  exist,  and  the  volcanic  action 
going  on  in  all  directions  around  certainly  supplies  a  sufE- 
cieut  cause  for  their  subsequent  disruption. 

That  Jesso  and  Niphon  were  once  continuous,  may  be 
inferred  from  the  similar  composition  of  tlie  opposite  coasts, 
the  basaltic  character  of  their  rocks,  and  their  broken  and 
shattered  condition.  Krufienstern  however  admits  the  ne- 
cessity of  examining  the  coast  more  accurately,  before  the 
conjecture  can  be  regarded  as  established  on  solid  grounds. 


t  Eroughlon,  Voyage  of  Disci 
1804.     Sec  alHi  UiLgadorir,  vol.  i.  p.  335. 

Q  Xilmiun  in  J^diii.  Pliiloa.  Jonrnil,  vol.  3. 


the  Norlbern  Pacific  Occoiij  Londou, 


L 


312  Philippines. 

Langsdorff  particularly  mentions  a  volcano  in'  Sattama 
Bay,  into  the  crater  of  which  the  Christian  proselytes  were 
thrown,  if  they  would  not  renounce  their  faith,  during  the 
severe  persecution  carried  on  against  them  in  the  last  cen- 
tury. 

From  the  southern  point  of  Japan,  a  chain  of  headlands 
is  continued  along  the  groupe  of  Loo  Choo  to  Fomioaa,  aad 
thence  to  the  Philippine  Islands. 

Off  Loo  Choo*  Captain  Hall  discovered  an  isolated  nxi:, 
on  which  was  the  crater  of  a  volcano  reduced  apparendy'to 
the  condition  of  a  solfatara.  Its  sides  were  stratified,  as 
were  also  the  rocks  on  the  south  side  of  the  Island,  wfaidi 
are  penetrated  with  great  dykes  of  a  material  more  durable 
than  the  stone  they  intersect,  and  therefore  standing  out  to 
a  considerable  distance  in  relief  from  the  face  of  the  rock. 

The  Island  of  Formosa  is  described  by  Ktaproth-in- 
Maltbrun^s  Voyages,  and  in  the  Asiatic  Journal  for  De-' 
cember^  1824.  A  high  chain  of  mountains,-  which  is  covered 
with  snow  in  November  and  December,  stretches  across  the 
country.  Abundance  of  salt  and  sulphur  is  met  with,  and 
flames  are  said  to  rise  occasioually  from  the  ivaters  of  the 
lakes  and  from  the  ground.  There  is  a  tradition  as  to  the 
summit  of  one  of  these  mountains  having  become  the  seat  of 
a  volcano.  There  is  said  to  be  on  the  top  of  the  mountain, 
called  Pa-lee-fen-shan,  a  block  of  iron  of  the  highest  an- 
tiquity, to  which  the  natives  attribute  many  extraordinary 
qualities. 

Lu^on,  one  of  the  Philippine  Islands,  contains  three  ac- 
tive volcanos,  one  of  which,  Taal,  south  of  Manilla,  had  an 
eruption  in  1754.+ 

*  See  Captain  Basil  Hall's  Voyage  to  Loo  Choo. 

+  See  Chamisso  in  Kotzcbue's  Travels,  vol.  iii.  p.  512.  It  was  visited  by 
that  Naturalist,  who  describes  it  as  situated  in  a  small  island,  on  a  lake  com- 
municating  with  the  sea.  It  does  not  appear  that  lava  has  ever  flowed  from  it, 
but  the  whole  island  consists  of  a  mass  of  ashes  and  scoriae.  He  could  not 
succeed  in  reaching  the  bottom  of  the  crater.  Sulphureous  vapours  were  given 
cfF,  and  plumose  alum  was  collected. 
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The  Islands  of  Fugo  and  Magindanao  likewise,  each  con- 
tain a  burning  mountain. 

We  know  nothing  of  the  volcanoa  said  to  exist  in  Borneo, 
but  it  appears  that  the  Andaman  Islands,  west  of  Pe^u, 
and  north  of  Sumatra,  contain  one  in  activity,  called 
Banen  Island,*  nearly  4000  feet  in  height,  which  frequently 
emits  vast  columns  of  smoke,  and  red  hot  stones  three  or 
four  tons  in  weight. 

In  Sumatra,  Marsden  has  described  four  as  existing,  but 
the  following  are  all  the  particulars  known  concerning 
tliem ! 

Lava  has  been  seen  to  flow  from  a  considerable  volcano 
near  Priamang,  but  the  only  volcano  this  observert  had  an 
opportunity  of  visiting,  opened  on  the  side  of  a  mountain 
about  20  miles  inland  of  Bencoolen,  one  fourth  way  from 
the  top,  so  far  as  he  could  judge.  It  scarcely  ever  failed  to 
emit  smoke,  but  the  column  was  only  visible  for  two  or 
three  hours  in  the  inoming,  seldom  rising  and  preserving 
its  form  above  the  upper  edge  of  the  hill,  which  is  hot 
of  a  conical  shajw,  but  slopes  gradually  upwards.  He 
never  observed  any  connexion  between  the  state  of  the 
mountain  and  the  earthquake,  but  it  was  stated  to  him,  that 
a  few  years  before  his  arrival  it  wag  remarked  to  send  forth 
t\ame  during  an  earthquake,  which  it  does  not  usually  do. 

The  inhabitants  are  however  alarmed,  when  these  vents 
all  remain  tranquil  for  a  considerable  time  together,  as  they 
find  by  experience,  that  they  then  become  more  liable  to 
earthquakes. 

Dr.  Jack  in  a  short  notice  of  the  Geology  of  Sumatra, 
(Geol,  Trans,  vol.  i.  p.  398,  new  series)  observes,  that  the 
volcanos  of  this  island  have  somewhat  of  a  different  cha- 
racter from  those  of  Java :  the  former  generally  terminating 
at  the  summit  on  a  ridge  or  crest ;  while  the  latter  aie  more 
exactly  conical,  and  have  for  the  most  part  a  much  broader 


*  See  CotebrDoke  in  llie  Ask 
-f  Mnrsduii'iiSumBlru,  p.SO. 
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■  bcLEis.     It  appears,  that  tbe  country  near  Bencoolen  before' 

[.alluded  lo  (between  Inilaporc  and  Bencoolen)  was  Tisitajj; 

3*|iy  the  order  of  Raffles  in  1818.    There  is  a  lake  with  ft 

klfultivated  valley  lo  the   west,  watered   by  a    small  xvi9^ 

^  Ibat    descends    from   a    high    volcanic    mountain    called 

'Gnnong  Api,  which  is  always  smoking.     The  rocks  in  thji 

aetglibourhood  are  of  trap,  eitlier  compact  or  aniygdal< 

sometimes  tufaceous ;    the  most  remarkable   hill  is   c^Iai' 

Gunong  Bungko,  or  Sugar  Loaf  Hill;  it  is   composed  of: 

kregular  masses  of  trap. 

In  crossing  the  island  from  Bencoolen  to  Palembang, 
I  traverse  a  plain,  having  in  the  midst  of  it  the  mountaia 
galled  Gunong  Dempo,  whicli  is  the  highest  in  the  islani^ 
^eing  12,000  feel  above  the  level  of  the  sea.  It  is  almiwl 
always  eniilling  smoke.  Hot  springs  aod  other  volcanic 
phenomena  are  common  in  the  neighbourhood.  Basall 
and  trap  compose  the  range  of  hills  between  Bencoolen  sod 
Cawoor. 

The  basis  of  ^Sumatra  is  however,  in  all  probability,  pri- 
mitive :  Granite  being  found  near  Menang  Kabau,  and  at 
Ayer  Bangy.  Much  limestone  derived  from  Coral  Reefe 
likewise  occurs. 

Very  different  to  tliis  is  the  structure  of  Java,  where  [lie 
researches  of  Dr.  Horsfield*  liave  made  known  to  us  one  of 
the  most  extended  tracts  of  volcanic  formations  that  perbaW 
any  where  exist. — ^An  uninterrupted  series  of  large  moun- 
tains, varying  in  elevation  from  5  to  11  and  even  13,000 
feet,  and  exhibiting  by  tlieir  round  or  pointed  tops,  iheir 
volcanic  origin,  extend  through  the  whole  of  the  island. 
The  several  large  mountains  composed  in  this  series,  in 
number  38,  though  different  from  each  other  in  external 
figure,  agree  in  the  general  attribute  of  volcanos,  haviog* 
broad  base  gradually  verging  towards  the  summit  Lo  the 
form  of  a  cone. 


•  Sea  bis  vemarks,  ai  inserWiJ  ii 
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h.They  all  rise  from  a.  plain  bui  little  elevated  above  the 
ivel  of  ihe  sea,  and  each  must,  with  very  few  exceptions, 
be  considered  as  a  separate  mountain,  raised  by  a  cause 
independent  of  that  which  produced  the  others.  Most  of 
these  have  been  formed  at  a  very  remote  period,  and  are 
covered  by  the  vegetation  of  many  ages  :  but  the  iitdicationa 
and  remaintt  of  their  former  eruptions  are  numerous  and 
unequivocal.  The  craters  of  several  are  completely  extinct ; 
those  of  others  contain  smalt  apertures,  which  continually 
discharge  sulphureous  vapours  and  smoke.  Many  of  tliem 
have  had  eruptions  during  late  years.  Almost  ail  the  moun* 
tains  or  volcanos  in  ihe  large  series  before  noticed,  are  found 
on  examination  to  have  the  same  general  constitution ;  they 
■are  striped  vertically  by  sharp  ridges,  which,  as  they  ap« 
{>roach  the  foot  of  the  mountain,  take  a  more  winding  course. 
These  ridges  alternate  with  valleys,  whose  sides  are  of  a 
very  various  declivity. 

Lai^  blocks  of  basult  occasionally  project,  and  in  several 
-instances  the  vallies  form  the  beds  of  rivers  towards  the  tops 
-of  the  volcanos  ;  in  the  rainy  season  they  all  convey  large 
volumes  of  water. 

There  ai'e  also  various  ridges  of  smaller  mountains,  which, 
though  evidently  volcanic,  may  be  termed  secondary,  as 
they  ajipear  to  have  originated  from  the  primary  volcanos 
before  noticed.  They  generally  extend  in  long  narrow 
stripes,  with  but  a  moderate  elevation,  and  their  sides  are 
less  regularly  composed  of  the  vertical  ridges  above  men- 
tioned. In  most  cases,  a  stratified  structure  and  submarine 
.origin  may  be  discovered.  They  arc  generally  covered  vrith 
'  large  rocks  of  basalt ;  and  Jn  some  cases,  they  consist  of 
wncke  and  hornblende,  which  is  found  along  their  base  id 
immense  piles. 

Hills  of  a  mixed  nature,  partly  calcareous,  partly  volcanic 
are  also  found.  The  sotitliern  coast  of  the  island  consists 
almost  entirely  of  them,  rising  in  many  places  to  the  per- 
{tendicular  height  of  80  or  100  feet,  and  sometimes  much 
higher.     These,  as  they  brunch  inward,  and  approach  the 
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central  or  higher  districts,  gradually  disappear,  and  give 
place  to  the  volcanic  series,  or  alternate  witli  huge  maseesof 
basaltic  hornblende  that  appear  to  assume  a  regular  strati- 
tication. 

A  Dutch  writer  •  has  since  communicated  some  further 
particulars  respecting  these  basaltic  rocks.  He  informs  us 
that  almost  all  the  lofty  summits  of  this  basaltic  chain  are 
truncated  cones ;  that  they  consist  in  general  of  irregular 
columns,  presenting  every  variety  in  point  of  length,  thick' 
ness,  direction,  and  other  circumstances.  They  are  some- 
times placed  immediately  one  on  the  other,  sometimes 
divided  by  beds  of  a  dilFerent  material.  This  arrangement 
ia  only  exposed  in  a  few  places  where  the  streams  have  laid 
bare  the  strata.  The  action  of  the  elements,  assisted  per- 
haps by  that  of  sulphureous  vapours,  has  effected  a  great 
destruction  of  the  rock,  large  masses  of  which  are  washed 
down  into  the  plains  after  heavy  showers.  The  basalt  is  of 
two  qualities, — let,  that  composing  the  lower  mountains, 
which  is  less  compact  and  porphyritic,  but  contains  large  coni* 
cretions  of  felspar,  quartz  ?  crystallized  hornblende,  and  oli- 
vine ;  2dly,  tliat  constituting  the  loftier  ranges,  which  is 
more  compact  and  uniform  in  structure,  and  is  so  impreg- 
nated with  iron,  as  to  attract  the  magnetic  needle,  and 
even  to  be  obedient  to  its  influence. 

With  regard  to  the  modern  lavas  of  Java,  having  been 
favoured  with  a  sight  of  the  specimens  brought  by  Dr. 
Horslield  himself  from  the  island,  and  now  at  the  India 
House,  I  may  remark  that  they  struck  me  as  being  very 
similar  to  those  of  Vesuvius,  and  in  several  instances  ap- 
peared to  contain  much  leiicite.  1  observed  several  speci- 
mens of  pitchstone,  which  1  was  assured  constituted  dykes. 
It  is  much  to  be  wished,  that  so  interesting  a  suite  were  pro- 
perly aixanged,  and  made  a  part  of  some  public  and  general 
collection  of  volcanic  products.  i 

.    Dr.  Horsfield  has  related  an  effect  of  volcanic  action  in 

.    ■  Ikiiiwcldi  in  ilie  Galaviau  Transatlioii.,  publislii'd  at  Uuluvia  in  1883. 
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this  island,  which  for  its  extent,  seems  to  exceed  almost  any 
that  hus  been  hitherto  noticed. 

The  Papandayang,  situated  on  the  south  western  part  of 
the  island,  was  formerly  one  of  the  largest  volcanos,  but  the 
greater  part' of  it  was  swallowed  up  in  the  earth,  after  a 
short  but  severe  combustion  in  the  year  1772.  The  ac- 
count which  has  remained  of  this  event  asserts,  that  near 
midnight,  between  the  11th  and  12th  of  August,  there  was 
observed  about  the  mountain  an  uncommonly  luminous 
cloud,  by  which  it  appeared  to  be  completely  enveloped. 
The  inhabitants,  as  well  about  the  foot,  as  on  the  declivi- 
ties of  the  mountain,  alarmed  by  the  appearance,  betook 
thenjselveg  to  flight ;  but  before  they  could  all  save  them- 
selves, the  mountain  began  to  give  way,  and  the  greatest 
part  of  it  actually^//  m,  and  disappeared  in  the  earth. 
At  the  same  time  a  tremendous  noise  was  heard,  resembhng 
the  discharge  of  the  heaviest  cannon.  Immense  quantities 
of  volcanic  substances,  which  were  thrown  out  at  the  same 
time  and  spread  in  every  direction,  propagated  the  effects  of 
the  explosion  through  the  apace  of  many  miles. 

It  is  estimated,  that  an  extent  of  ground,  of  the  moun- 
tain itself,  and  its  immediate  environs,  fifieen  miles  long  and 
six  broad,  was  by  this  commotion  swallowed  np  in  the 
bowels  of  the  earth.  Several  pei-sons,  sent  to  examine  the 
condition  of  the  neighbourhood,  made  report,  that  tliey 
found  it  impossible  to  approach  the  mountain,  on  account 
of  the  heat  of  the  substances  which  covered  its  circuu^ 
ference,  and  which  were  piled  on  each  other  to  the  height 
of  three  feet,  although  this  was  the  24th  of  September,  and 
thus  full  six  weeks  after  the  catastrophe.  It  is  also  men- 
tioned that  forty  villages,  partly  swallowed  up  by  ilie 
ground,  and  partly  covered  by  the  substances  thrown  out, 
were  destroyed  on  this  occasion,  and  that  3,957  of  the  in- 
habitants perished. 

The  mountain  of  Galoen-gong,  which  had  never  been 
reckoned  among  the  volcanos  of  the  island,  broke  out  wltli 
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terrific  riolence  in  1822.  The  eruplion  began  "by  '■  ti«* 
mendous  explosion  of  stuaes  and  ashes,  followed  by  astream 
of  lava  wbicb  (wvered  a  large  Iract.  Four  thousand  persons 
were  destroyed.* 

It  would  appear  likewise  from  Dr.  Horsfields*  description, 
tliut  Java  exhibits  phtenomena  of  a  simdar  kind  to  those 
noticed  in  Sicily,  and  at  the  foot  of  the  Appenninea,  and 
there  known  under  the  name  of  "Salses. "  In  tbe  cal- 
careous district  (which  1  suspect  to  belong  to  the  same 
doss  of  formations  as  the  bine  clay  and  tertiary  limestone  of 
Sicily,)  occur  a  number  of  bot  springs,  containing  a  large 
quantity  of  calcareous  earth  in  solution,  wliich  incrusis  the 
eiiHkce  of  tlie  [jrround  near  it.  Some  of  them  are  mudi 
mixed  with  petroleum,  and  others  highly  saline. 

The  latter  are  dispersed  through  a  district  of  country 
consisting  of  limestone,  several  mdes  in  circtiniference. 
They  arc  of  considerable  number,  and  force  themselves  up- 
wards through  apertures  in  the  roclts  with  some  violence 
and  ebullition.  Tbe  waters  are  strongly  impregnated  with 
muriate  of  soda,  and  yield  upon  evaporation  very  good  salt 
for  culinary  purposes  (not  Less  than  200  Ions  in  tlie  year). 

About  the  centre  of  this  limestone  districtj  is  found  an 
extraordinary  volcanic  pbaenomenon.  On  approaching  ii 
from  a  distance,  it  is  first  discovered  by  a  large  volume  of 
smoke  rising  and  disappearing  at  intervals  of  a  tew  seconds, 
resembling  the  vapours  arising  from  a  violent  surf;  a  doll 
noise  is  heard,  like  that  of  distant  thunder.  Having  ad- 
vanced so  near,  that  the  vision  was  no  longer  impeded  by 
the  smoke,  a  large  hemispherical  mass  was  observed,  con- 
sisting of  black  earth,  mixed  wi'h  water,  about  sixteen  feet 
in  diameter,  rising  to  the  height  of  20  or  30  feet  in  a  per- 
fectly regular  manner,  and,  as  it  were,  pushed  up  by  a  force 
beneath;  which  suddenly  exploded  with  a  dull  noise,  and 
scattered  about  a  volume  of  black  mud  in  every  direction. 
After  an  interval  of  two  or  three,  or  sometimes  four  or  five 
i^conds,  the  hcmispheriail  body  of  mud  or  eartli  rose  and 
exploded  again. 

'  Pliil.  Mag.  AMgu,-l,  1823. 
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In  the  same  manner  this  volcanic  ebullition  goes  on  with~ 
out  interruption,  throwing  up  a  globular  body  of  mud,  and 
dispersing  it  with  violence  through  the  neighbouring  places. 
The  spot  where  the  ebullition  occurs  is  nearly  circular  and 
perfectly  level,  it  ia  covered  only  with  the  earthy  particles 
impregnated  with  salt  water,  which  are  thrown  up  from 
below;  the  circumference  may  be  estimated  at  about  half 
an  English  mile.  In  order  to  conduct  the  salt  water  to  the 
circumference,  small  passages,  or  gutters,  are  made  in  the 
loose  muddy  earth,  which  lead  it  to  the  borders,  where  it  ia 
collected  in  holes  dug  in  the  ground  for  the  purpose  of  . 
evaporation, 

A  strong,  pungent,  sulphureous  smell,  somewhat  resem* 
bling  that  of  earth-oil  (naphtha),  ia  perceived  on  standing 
near  the  explosion ;  and  the  mud  recently  thrown  up  pos* 
sesaes  a  degree  of  heat  greater  than  that  of  the  surrounding 
atmosphere.  During  the  rainy  season  these  explosions  are 
more  violent,  the  mud  is  thrown  up  much  higher,  and  the 
noise  is  heard  at  a  greater  distance. 

This  volcanic  phienomenon  is  sitimted  near  the  centre 
of  the  large  plain,  which  interrupts  the  large  series  of  vol- 
canoes, and  owes  its  origin  to  the  general  cause  of  the 
numerous  volcanic  eruptions  which  occur  on  the  island.* 

A  tradition  prevails  that  Java,  Sumatra,  Bali  and  Sum- 
bawa  were  once  united,  and  formed  with  Hindostan  one 
unbroken  continent.  Even  the  dates  of  the  separation  of 
these  islands  are  given  in  the  Javanese  records. — Thus  the 
separation  of: 

Inlhe  Javanycar.t 

Sumatra  and  Java  took  place 1114 

Bali,  Balembangan,  and  Tava 1S04 

Gluing,  Trawangan,  and  Bali 1260 

Selo-Purang,  and  Sauibawa 1280 

"  Riffle*'  Java,  rhsp.  »,— See  also  Breislac.  Iniititul.  Oeolog.  Vol.  3.  p.  4T. 
for  bh  extract  from  tKe  BiU  Univ.  Juiltet,  1B17,  giving  bd  account  of  tlie 
wme  ph^cnamenoD. 

t  Thp  JavRn  Mn  begins  73  yesca  later  lliaii  the  Chriitinn, 

\ 


8B0  Sambawa. 

AaffleB  however  justly  jremark%  that  the  i  phyaicBk  «tmdure 
j»f  Somatm  is  not  such  as  to  give  countenance  t»  tbis 

opinion.  . 

•■  « 

J) 

•    The   volcanos  of  Java  and  of  the  Pliili]^ine  gniupe 
appear  . almost  connected  with,  one;  aHotheii^  through  the 
'B»edium  of  those  which  exist  in  Sumbawa,  FlcMnes^.  Daoaier^ 
fianda,  and  the  Moluccas. 

'  That  of.-Tomboro  in  the  .Island  of  Sambawa  is  pohaps 
0ne  of  the  most  considerable  in  the  wodd,  according,  to  tfae 
description  given  of  it  by  Sir -Stamford  Aaffles.* 

Almost  every  one,  says  this  writer,  ih  acquainted  with  die 
intermitting  convidsions  of  Etna  and  Veauvius,  as  they 
appear- in  the  descviptians  of  the  poet^-and  tbejaatbentit 
accounts  of  the  naturalist^  but. the  most  extraordinafyof 
4htm  can  bear; no  comparison,  in  point  '€>f' duration  and 
force,  with  that  of,  Mount  Tomborp  in  the  Island  of  Sam- 
ba^a*  This  eruption  extended  perceptible  evidences  of  its 
existence,  over  the  whole  of  the  Molucca  Islands,  oTer 
Java,  a  considerable  portion  of  Celebes,  Sumatia,  and 
JBorneoy  to  a  circumference  of  a  thousand  statute  nules  from 
its  centre,'  by  tremulous  motions  and  the  report  of  ex{rfo- 
sions;  while,  within  the  range  of  its  more  immediate  actiY- 
ity^  embracing  a  space  of  300  miles  around  it^  it  produced 
the  most  astonishing  effects,  and  excited  the  most-alarming 
apprehensions.  In  Java,  at  the  distajice  of  300  miles^  it 
seemed  to  be  awfully  present.^  The  sky  was  overcast  at  mid- 
day with  clouds  of  ashes,  the  sun  was  envelpped  in  aaat^ 
mosphere,  whose  "palpable  density"  he  was  unable  to 
penetrate;  a  shower  of  ashes  covered  the  houses,  the  streets, 
and  the  fields,  to  the  depth  of  several  inches,  and  amid  this 
darkness  explosions  were  heard  at  intervals,  lifce  the  report 
of  artillery,  or  the  noise  of  distant  thunder. 

At  Sambawa  itself  three  distinct  columns  of  flame  ap- 
peared to  burst  forth,  near  the  top  of  the  Tamboro  moun- 

*  Raffles'  Java.  Vol.  I.  ch.  I. 
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taiti)  (atl  of  ^them  apparently  within  the  verge  of  the  craCdr)> 
fuid  after  ascending  separately  to  a  very  great  height^  their 
tops  united  in  the  air  in  a  troubled,  confused  maimer*  In  n 
short  time,  the  whole  mountain  next  Sang'ir  appeared  like 
^  bodyof  liquid  fire,  extending  itself  in  every  direction, 
'T  The  fire  and  columns  of  flame  continued  to  rage  with  nn^ 
nbated  fury,  until  the  darkness, .  caused  by  the  quantity  of 
falling  matter,  obscured  it  at  abput  8  p.  m.  Stones  at  this 
time  fell  very  thick  at  Sang'ir,  some  of  them  as  large  as  two 
fists,  but  generiilly  not  larger  than  walnuts.  Between  nin^ 
and  ten  p.  m.  ashes  began  to  fall,  and  soon  after,  a  violent 
whirlwind  *  ensued^  which  blew  down  nearly  every  house 
in  the  village  of  Sang'ir,  carrying  the  alaps,  or  roofs,  and 
light  parts  away  with  it.  In  the  port  of  Sang'ir  adjoining 
'3ambawa,  its  effects  were  much  more  violent,  tearing,  up 
by  the  roots  the  largest  trees,  and  carrying  them  into  the 
.«ir,  together  with  men,  horses,  cattle,  and  \i^hatever  else 
came  within  its  influence*  (This  will  account  for  the 
immense  number  of  floating  trees  seen  at  sea).  The  sea 
rose  nearly  twelve  f^t  higher  than  it  had  ever  been  known 
to  do  before,  and  completely  spoiled  the  only  spiall  spots  of 
rice  land  in  Sang'ir,  sweeping  away  houses  and  every  thing 
within  its  reach*  The  whirlwind  lasted  about  an  hour. 
No  explosions  were  heard  till  the  whirlwind  had  ceased,  at 
,about  eleven  a.  m.  From  midnight  till  the  evening  of  the 
11th,  they  continued  without  intermission;  after  that  tim^ 

* 

*  May  not  the  occurrence  of  whirlwinds  as  a  concomitant  of  volcanic 
eruptions,  account  for  the  fable  of  the  giant  Typhceus,  who  was  at  once  con- 
sidered the  cause  of  both  these  effects.     See  Hesiod  O  869,  where  Typhoeus  » 
described  as  producing  those  winds  which  are  destructive  to  man;  whereas 
Notua,  Boreas  and  others,  which  arQ  useful  to  him,  are  of  divine  origip* 

No^i  Nor«    Boptf  rt,  xa/  A^amu  Zt^^ois 
Oi  yt  /uin  tx  ^ffo^<y  ynwn^  hnrots  fjMywkiA^. 
At  i'oKKau  yM'^xv^at  tvtvftmo't  ^aXxa-arat, 

^^    Aipxnia^us  Maroellinus^  in  describing  the  earthquake  whidi  dastroyed  Ni* 
comedia,  says  that  it  was  accompanied  by  hurricanes.    Lib*  17.  e.  7. 
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4mmf  AMttMiM* 

drtM  fldlM€l$  ttddMite<H  Md  UMy  ^««W§  bMvd  «iilfy  aliil^ 
iiffd%  imt  the  ibfcplObiMi  did  Hot  eeM^  MtiMljr  tffl  dw 
IfiAof  Jttfy.  Of  all  the  tilkgtti round  Totiibora^  TiuHjl^ 
MndHtfeing  AbcMit  fbrty  inhidbittint^  h  die  Only  oae  iwudtt^ 
uig#  In  PtekAt£  no  veitige  of  a  bottle  ie  kft  t  tiecttftynii 
of  the  {lotfi^,  ^v)io  were  at  Samhewa  irt  the  tiue^  ate  die 
'tfhofe  of  the  po|mlati6ti  who  hate  eeci^ied^  BVotti  tWiM 
anqtiiiiea  thetre  wev^  ceftainly  not  fewer  thaa  ttfilQO  hi^ 
difiduab  in  Tomboro  and  PdcatA  at  the  time  tof-  the  ^enqpi 
iiofi,  of  whom  -Are  or  %ix  mtnveu  Thft  tieea  alMl  herhigi 
MPeWry  dftecriptioii)  along  the  whole  of  die  north  ead  wii 
of  the  peniMnla,  ha^  been  completely*  destrc^t ^  with  dt 
taoqpdott  of «  high  point  of  land  near  the  apot  wbett  tki 
^rdlage  of  Tomboro  stood.*  At  Sanger  it  ia  added  dn 
ftuniae  oceaaioaed  by  this  event  was  so  extreme,  that  one  of 
th^  fa|ah^  own  dan^ters  died  of  starvadoa, 
'  Captain  Bligh^  in  his  voyage  to  the  Sontk  Sena^  nentiiHi 
th^  ekisi^nce  of  a  volcano  on  a  high  moiantaia  in  the  fA 
4tf  Floras  :•  it  seemed  to  him  to  have  erupti'ona  of  so  fenatdt 
§ble  a  charactei^  that  the  whole  island  was  covered  with 
its  products, 

>  tn  the  Island  of  Timor,  the  volcano  of  the  peak  served^ 
Tike  that  of  Strombdi,  as  a  sort  of  light-house,  seen  at  movb 
than  900  miles  distance.  In  1637,  this  mountain,  during « 
Violent  eruption  disappeared  entirely :  a  lake  et  present  uJ^et 
Its  places  .  i 

The  Island  of  Daumer  is  also  said  to  contain  a  Yolcano^ 
and  Dampier  in  1669  saw  one  burning  between  Timor  and 
.Coram. 

'  Goonung-Api,t  one  of  the  Banda  Islands,  eontioiis  aH 
active  volcatio^f  which  had  an  eruption  in  ¥820,  ttkid  ejektei 
red-hot  stones.of  prodigious  size* 


fi 


*  Major  Thorn  (in  his  Memoir  on  the  Conquest  of  JavtUi,  1810.  |>.  880>) 
^seaks  of  another  volcano,  oh  the  north  coast  of  SumbAwa,  which  it  coo- 
sidered  to  be  in  oomnhitrieaticli  with  that  df  -Ooonung^Api^  thcee  or  fM* 
miles  off. 

•  H  It  appMrs  fhmi  Malvden^s  SumatMb  thilt  thifc  wwrd  rigtelBw  ia  Ihs  Wkkf 
language  Volcano,.  .:,.y.  ;>-,»* 

t  ArafoiBthaAnnuauv^forlfiSi...  .   .  l^'.X  * 


t  Molurcax. — New  Guinea.  3SS 

On  the  southern  side  of  the  Island  of  Celebes,  there  are  no 
volcanos  known,  but  some  are  said  to  exist  in  the  northern 
division,*     This  however  does  not  appear  to  be  ascertained. 

In  the  archipelago  of  the  Moluccas  vne  hear  of  two  in  the 
Islands  of  Ternati  and  Tidore.  Maltbrun  (Annales  dep 
Voyages  34,  p.  281)  speaks  of  an  eruption  that  happened  in' 
1673  at  Gilolo.  An  event  which  occurred  in  1646  in  the 
Island  of  Machian,+  may  also  be  attributed  to  this  cause. 
It  is  stated  that  in  that  year  a  mountain  was  rent  from  top  to 
bottom,  emitted  horrible  streams  of  smoke  and  flame,  and 
was  divided  into  two  parts,  which  now  constitute  two  dis- 
tinct eminences. 

I  have  noticed  a  similar  phEenomenon  when  speaking  nf 
Mount  Ararat,  though  the  cause  to  which  the  fissure  is 
attributable  can  in  that  case  only  be  conjectured. 

Dampier  discovered  in  New  Guinea  in  South  Lat,  5.  33, 
an  active  volcano,  which  sent  forth  fits  of  flame  at  intervals. 

The  volcano  in  the  Island  of  Sang'ir,  one  of  the  largest 
in  the  world,  seems  to  connect  those  last  mentioned  with 
the  burning  mountains  which  I  have  before  described  as 
existing  among  the  Philippines,  thus  appearing  to  establish 
a  line  of  communication  between  those  of  Kamschatka  and 
of  the  Indian  Sea. 

In  the  Great  Pacific  Ocean,  the  islands,  according  to 
Kotzebue,^  may  be  referred  to  two  classes,  distinguished  by 
their  elevation  into  high  and  low.  The  latter  class  appear 
to  be  entirely  of  modern  formation,  the  product  of  that  ac- 
cumulation of  coral  reefs,  which  Flinders  and  others  have 
described  in  so  Interesting  a  manner. 

The  high  islands  on  the  contrary  are  chiefly  volcanic, 
though  in  the  Friendly  and  Marqnesa  Islands  primitive 
rocks  occur,  and  in  Waohoo  porphyry  and  amygdaloid. 

The  Mariana  or  Ladrone  Islands  constitute  a  sort  of 
vountain  chain,  consisting   of  a   line  of  active  Tolcanov^ 

■  Sec  Appendix  (o  Rafflsg'i  Jkva.  Vol.?.  p.clxlttif. 

'f  Ordiniirt  Hiil.  Natur.  de*  Volcwi).  p.  177. 

}  Kotlcbui'i  Voyag*  or  DlKovsry.  Vol.  3,  p.  V^ 
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especially  towards  their  north,  which  is  parallel  to  thaiof| 
the  Philippine  groupe,  whereas  the  isUnds  that  lie  detached 
in  the  middle  of  the  basin^  of  which  these  two  groups  w 
die  boundaries,  seem  for  the  most  part  to  be  extinguiiAied*^.' 
,  The  Island  of  Ahrym,  in  the  groupe  of  the  New  Hebrides 
contains  an  active  volcano,  and  the  same  thing  is  atated  bj 
l^orster  with  regard  to  that  of  Tanna.  A  Toledo  is  said 
by,  Kotzebue  to  be  burning  in  Tofua,  one  of  U^e  Friendij. 
Islands. 
Mr.  Ellis,  a  missionary,  has  ^ven,  in  a  narraUTe  of.s 

'Tour  through  the  Sandwich  Islands,  (London,  1826,  p.. liU) 
the  mostdetailed  account  of  the  active  volcano  of  Owhyhs% 
that  t  have  yet^seen^ 

-  The  plain,  owtx  which  their  way  to  the  mountain  lay,  way  s 
vast  waste  of  antient  lava^  which  he  thus  describes.  {—•^^  Tk 
tract  of  lava  resembled  in  appearance  an  inland  sea,  bqapd* 
ed  by  distant  mountains  Once  it  had  certainly  been  ins 
fluid  state,  but  appeared  as  if  it  had  become  suddenly  petri* 
fied,  or  turned  into  a  glassy  stone,  while  its  agitated  billows 
were  rolling  to  and  fro.  Not  only  were  the  large  swelb 
and  hollows  distinctly  marked,  but  in  many  places  the  sur- 
face of  these  billows  was  covered  by  a  smaller  ripple,  like 
that  observed  on  the  surface  of  the  sea  at  the  springing  up 
of  a  breeze,  or  the  passing  currents  of  air,  which  produce 
what  the  sailors  call  a  cat's-pay.  About  two  p.m.  the  craur 
of  Kirauea  suddenly  burst  upon  our  view.  We  expected  to 
•have  seen  a  mountain  with  a  broad  base  and  rough  indented 
sides,  composed  of  loose  slags,  or  hardened  streams  of  lam 
and  whose  summit  would  have  presented  a  rugged  wall  of 
scoria,  forming  the  rim  of  a  mighty  cauldron.  But,  instesd 
of  this,  we  found  ourselves  on  the  edge  of  a  steep  precifNce^ 
Mth  a  vast  plain  before  us,  fifteen  or  sixteen  miles  ia  cir- 
^mference,  and  sunk  from  two  hundred  to  four  hundred 
teet  below  its  original  level.    The  surface  of  this  plain  w«0 

•  Chamtito  in  Kotzebue's  Voy«g«  of  DMeovery,  ^mU  S»  p.*  aSft     ' 
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uneven,  and  strewed  over  with  huge  stones,  arid  vo1dani« 
rock,  and  in  the  centre  of  it  was  the  great  crater,  at  the  dis« 
tance  of  a  mile  and  a  half  from  the  place  where  we  wei^ 
standing.  We  walked  on  to  the  north  end  of  the  ridge^ 
where,  the  precipice  being  less  steep,  a  descent  to  the  plain 
below  seemed  practicable*  With  all  .our  care,  we  did  not 
reach  the  bottom  without  several  falls  and  slight  bruises. 
After  walking  some  distance  over  the  sunken  plain,  whicli 
in  several  places  sounded  hollow  under  our  feet,  we  at 
length  came  to  the  edge  of  the  great  crater,  where  a  spec*? 
tacle  sublime,  and  even  appalling,  presented  itself  before  us;: 
Immediately  before  us  yawned  an  immense  gulf,  in  the  form 
of  a  crescent,  about  two  miles  in  length,  from  N.E.  toS.W, 
nearly  a  mile  in  width,  and  apparently  eight  hundred  feei 
deep.  The  bottom  was  covered  with  lava,  and  the  S.W.  and 
northern  parts  of  it  were  one  vast  flood  of  burning  matter,* 
in  a  state  of  terrific  ebullition,  rolling  to  and  fro  its  '  fieiy 
surge'  and  flaming  billows.  Fifty-one  conical  islands  of 
varied  form  and  size,  containing  so  many  craters,  rose  either 
round  the  edge,  or  from  the  surKice  of  the  burning  lake  j 
twenty-two  constantly  emitted  columns  of  grey  smoke,  or 
pyramids  of  brilliant  flame  ;  and  several  of  these  at  the  same 
time  vomited  from  their  ignited  mouths  streams  of  lava, 
which  rolled  in  blazing  torrents  down  their  black  in-* 
dented  sides,  into  the  boiling  mass  below.  The  existence 
of  these  conical  craters  led  us  to  conclude  that  the  boilings 
t^auldron  of  lava  before  us  did  not  form  the  focus  of  the 
volcano ;  that  this  mass  of  melted  lava  was  comparatively 
shallow ;  and  that  the  basin  in  which  it  was  contained  was 
separated  by  a  stratum  of  solid  matter  from  the  great  vol- 
canic abyss,  which  constantly  poured  out  its  melted  contents; 
through  these  numerous  craters  into  this  upper  reservoir.: 
The  sides  of  the  gulph  before  us^  although  composed  of 
different  strata  of  antient  lava,  were  perpendicular  for  about | 
four  h<]indred  &^ij  and  jroae  frdm  a  wide  horjiisontal  ledge  of 
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tolM  black  lata  of  irregular  braadlh,  but  ^scUmlaif 
jdelelyrMnd,  bieneath  this  ledge,  tbe  tides  doped  gradiidly 
towards  the  burning  lidEe,  which  was,  as  nearly  as  WfS  eooM 
judge,  three  hundred  or  four  hundred  feet  lower*  ■  Itwal 
rrident  that  the  large  crater  had  been  recently  filled  wiA 
liquid  lava  up  to  this  black  ledge,  and  had,  by  some  sab^ 
terraneous  canal,  emptied  itself  into  the  sea  or  under  thi 
low  land  on  the  shore.  The  grey,  and  in  some  jdacei  ap^ 
fNurently  calcined  sides  of  the  great  crater  before  oft— 4te 
fismires  which  intersected  the  surface  of  the  plain  on  which 
we  were  standing— the  long  banks  of  sulphur  on  the  op- 
posite side  of  the  abyss— *the  vigorous  action  of  the  nuaia' 
rous  small  craters  on  its  borders — ^the  dense  columns  sf 
Vapour  and  smoke  that  rose  at  the  N.  and  S.  end  of  lbs 
plain— together  with  the  ridge  of  steep  rocks  by  which  il 
was  surrounded,  rising  prol>ably  in  some  places  three  or  fam 
hundred  feet  in  perpendicular  height,  presented  an  immense 
volcanic  panorama,  the  effect  of  which  was  greatly  aug« 
mented  by  the  constant  roaring  of  the  vast  fumacci 
below/'* 

*  Mr.  Ellis^s  work,  though  not  scientific,  will  prove  of  interest  to  the 
naturalist  from  the  notices  of  volcanic  phenomena  with  virhich  it  is  inter* 
spersed,  and  deserves  on  that  account  to  be  placed  by  the  side  of  Hendersoo*! 
Iceland,  to  which  I  have  had  occasion  to  refer. 

His  account  is  enlivened  by  introducing  a  few  of  the  legends  to  which  tbe 
striking  natural  phenomena  of  the  island  have  given  rise  ;  for  the  natives  of 
Owhyhee,  like  the  Greeks  and  Persians  of  old,  have  peopled  the  recesses  of 
ihe  Mountain  Kirauea  with  a  tribe  of  Deities,  both  male  and  feincile,  the  belief 
ita  whose  power,  kept  alive  as  it  is  by  repeated  volcanic  explosions,  was  tos 
deeply  rooted  in  their  minds  to  be  effaced,  even  by  the  authority  of  their  sove- 
reign, who  in  1819  decreed  the  summary  abolition  of  all  idolatrous  worship. 

The  natives  still  persist  in  believing,  that  the  conical  craters  of  the  motta- 
tliins  are  the  houses  of  their  gods,  where  they  frequently  amuse  themselves  hf 
playing  at  Konane  (a  game  like  draughts);  that  the  roaring  of  the  fomaoM 
and  the  crackling  of  the  flames  are  the  music  of  their  dance,  and  that  tbe  red 
flaming  surge  is  the  surf  in  which  they  play,  sportively  swimming  on  tbe  roU- 
ilig  wave. 

fionte  of  ^eir  Itfgendt  laay  remiiui  m  of  tiidM  that  |)ilBTafldd  soNPf  tki 
Greeks. 


B^tidefl  the  Tolcano  4rf:Kimuea^  «wliidi  iBinttuc^kf^fbere 
mrd  6eT«iml  in  itn  exdnguished  state.  One:  of  tfaeni,  MoiuM^ 
iloa,  k  calculated  by  Captaiii  King  ^  16,090  feet  in  beigh^ 
^ttmating  it  according  to  the  lr(^eal  line  g£  m^fi. 
Another  Mouna-Kaah,  the  peaks  of  which  are  entifelgr 
icorered  with  enow,  cannot  be  leee,  he  thinks,  than  16y4^ 
feet.  Mr.  £Uis  reckons  the  height  a^  ketwecM  Id^OOO  an^ 
16,000  £sei.  The  whole  idand  of  Owhyhce  indeed,  em- 
bracing a  space  of  4000  square  miles,  is,  according  U>  ik^ 
observwtrons  of  that  mtssidnwy,  one  ccHnplete  mass  of  Java, 
or  other  Toloanic  matter  in  difTerent  stages  of  decompoMli^Pi* 
Perforated,  he  says,  with  ernittmerafoleapeitmres  in  ttiei^ap^ 
ief  craters,  the  iriand  forms  a  hotlow  cone  over  one  yasi  fui^ 
nace,  situated  in  theheait  of  a  stupcdidousaubmarine  raoiua- 
isain  rising  fram  <lhe  bottom  of  the  sea;  or  petfsib^y  ihe  &r0fi 
tnay  range  wrth  augmented  'force  bcoeaith  the  bed  of  idle 
ocean,  rearing  through  the  superincmnbcnt  wrig^  f)iw.90tHF^ 
the  base  of  Hawaiah,*  and  at  the  same  time,  forming  a 
pyramidal  funnel  from  the  fernace  to  the  atmohphere." 

Thus  one  of  their  kings,  who  had  offended  P61i  the  pnncipal  goddess  of  the 
volcano,  is  pursued  by  her -to  the  shoi3e»  «rhere  lea|»ing  into  a  rno^e  he  paddles 
out  to  sea.  P^l^,  perceiving  his  escape,  hurls  after  him  huge  stones  and  frag- 
vaentB  of  rocks9  w^idi  fail  thickly  around^  hut  do  not  stmke  the  canoe*  A 
number  of  rocks  in  the  sea  are  shewn  by  the  natives,  which,  like  the  Cyclopea|& 
Islands  at  Che  fool  of  Mount  fitna,  are  wnd  to  have  been  -tlKwe' Arowa  -by  i^M 
to  sink  the  boat. 

I  reoommend  the  perussc!  of  this  legend  (which  may  be  «een  ifi-pageiSSO  of 
■Mr.  «lUs's  boolc,)  an  very  ^haraoterkrtic  of  the  manners  and  feeVtqga^^av^ 
life.  T)ie  kiiig  is  fepnesenited  fM  taking  little  pains  to  secure  the  escape  of  aB|r 
one  but  himself,  for  his  mother,  wife,  and  children  are  all  abandoned  without 
compunction;  his  conduct  to  the  friend  who  aocompanie*  Wm,  ia  -ihc.only 
trait  which  redeems  his  character  from  the  charge  qf  utte^r  selfishneaa^tnor 
among  the  native  who  tell  the  story,  is  their  praise  of  the  adroitness  with 
Wfcich  be  eflfected  iHa  escape,  at  dlles*  commended  tm  aoommt  af  Ahia  .dewiw 
tion  of  his  nearest  relation!.  > 

«  I  adopt  the  more  usual  method  <if>q>elliqg.  jBUisinhii^taTourjoaVt^tlit 
island  Hawaii. 


^IMB  .  South  Sea  Islanik. 
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'  Other  YolcaiKM  are  stated  to  occur  in  different  parte  of 
ihat  extensive  tract,  known  by  modem  geograph^v  under 
the  name  of  Polynesia,  as  far  as  to  New  Caledonia  and  dil 
New  Hebrides.  The  separate  mass  of  New  Sjealand^  with 
which  Norfolk  Island  is  connected,  may  be  viewed  as  the 
southern  end  of  the  bulwark;*  its  eastern  can  hardly  be 
fixed  at  any  nearer  point  than  the  coast  of  America,  for  I 
-am  as8ured  that  an  active  volcano  at  presents  exists  among 
the  Galapagos,  only  10  deg.  W«  of  Quito. 

Far  therefore  from  believing  that  volcanos  have  beeniiif 
-strumental  in  the  destruction  of  continents,  or  that  thek 
history  lends  any  countenance  to  the  fables  respecting  the 
Atlantis,  we  should  rather  be  led  to  consider  that  they  weit 
-more  generally  among  the  means  which  nature  employs  Sat 
increasing  the  extent  of  dry  land,  and  for  gradually  coiif 
Terting  an  unprofitable  tract  of  ocean  into  an  abode  lor  the 
higher  classes  of  animals* 


ON  THE  VOLCANOS  OF  AMERICA. 

The  Islands  constituting  the  West-Indian  Archipelago, 
have  been  divided  by  a  French  Geologist  into  four  classes.! 

The  1st  of  these  includes  such,  as  consist  partly  of  primi- 
tive (or  to  speak  more  correctly  of  the  more  antient)  rock- 
formations,  and  partly  of  those  derived  from  volcanos. 

The  Snd,  those  which  are  wholly  volcanic. 

The  3rd,  those  entirely  calcareous.     And 

♦  .  The  4th,  such  as  are  partly  of  volcanic  origin,  and  pardy 
composed  of  limestone  with  organic  remains* 

•  Kolzebue's  Voyage.    Vol.  II.  p.  354. 
f  S«e  Cortes  Journal  dc  Physique,  torn.  Ixx. 
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^*  To  tii6.1st  of  these  classes  are  referred  all  the  isUhd^  c£ 
the  largest  size,  such  as  Trinidad,  Jamaica,*  Cuba,  Su 
Domingo,  «nd  Portorico. 

With  regard  to  Trinidad  however  it  may  be  observed,  thak 
it  seems  rather  to  make  .a  part  of  the  Continent,  than  to  bc| 
a  member  of  the  system  of  mountains  existing  in  the  other 
West  India  Islands* 

Dr.  Nugent  observes,  that  its  rocks  are  either  decidedly  of 
primitive  or  of  alluvial  origin.f  The  great  northern  range 
of  mountains,  that  runs  from  east  to  west,  and  is  connected 
with  the  high  land  of  Paria  on  the  continent,  by  the  islands 
of  the  Bocas,  consists  of  gneiss ;  of  mica  slate,  containing 
great  masses  of  quartz,  and  in  many  places  approaching  so 
near  to  the  nature  of  talc,  as  to  render  the  soil  quite  unc^ 
tuous  by  its  decomposition ;  and  of  compact  bluish  limestone^ 
with  frequent  veins  of  white  crystallized  carbonate  of  lime* 
From  the  foot  of  these  mountains  for  many  leagues  to  the 
northward,  there  extends  a  low  and  per&ctly  level  tract  of 
land,  evidently  formed  by  the  detritus  of  the  mountains,  and 
by  the  copious  tribute  of  the  waters  of  the  Ohio,  deposited 
by  the  influence  of  currents*  [ 

The  celebrated  pitch  lake  exists  in  the  midst  of  a  clayey 
soil—- it  is  a  vast  expanse  of  Asphaltum,  perhaps  three  miles 
in  circumference,  which. in  the  wet  season  is  sufficiently 
solid  to  bear  any  weight,  but  in  hot  weather  is  often  in  a 
state  approaching  to  fluidity.  The  manner  in  which  it  was 
originally  formed,  may  perhaps  admit  of  an  explanation^ 
by  considering  certain  analogous  phtenomena  that  present 
themselves  in  its  vicinity.     Thus  on  the  eastern  coast  there 

• 

•  Jamaica,  strictly  speaking,  does  not  belong  to  this  class,  since  it  appears 
from  Mr.  De  la  Beche'a  account,  that  besides  transition  rocks  and  some  of  tb^ 
older  secondary,  it  contain^  likewise  an  extensive  formation  of  white  lime- 
stone, referable  to  the  tertiary  period.— See  his  paper  in  the  forthcoming  NiUQ^ 
t>fr  of  the  Geol.  Tranaactfons. 

f  Geol.  Transactioasy  vol.  1.  .■:..:> 


b  a  pit whidi  throwf  up aflphaltum,  together,  M'it  isoM, 
irith  violent  explosions,  smoke  and  flanaes. 

Almost  in  the  same  parallel,  and  also  in  tlie  met^  hAU 
fbe  west  of  the  island  (near  Punta  de  la  Brem,  eoath  of'Ae 
port  of  Napamimo)  is  a  similar  Tent. 

;  At  the  aouth-wesl  estremitj  of  the  island,  between  Pofm 
Icacos  and  the  Rio  Erin,  are  small  cones,  ^vhicb  appear  tti 
baTe  some  analogy  with  the  Tolcanos  of  Air  and  Mod,  windi 
•ccur  at  Tvrbaoo  in  New  Grenada,  and  are  described  bf 
Humboldt. 

.  Il  is  possible,  that  the  whole  of  these  phsenomena  may  bf 
fmalogous  to  those  of  Macaluba,  and  of  the  Lago  Nafiit  a 
Sicily,  which,  though  they  appear  to  shew  aome  kind  of 
affinity  to  vblcaaos  from  their  firequent  occorrence  in  da 
yicinity  of  rocks  derived  from  such  operations,  can  hanUf 
be  viewed  without  more  suffici^it  evidence  as  origiiiatiif 
from  the  same  deep-seated  cause,  to  which  the  latter  an 
commonly  referred* 

.  Respecting  Jamaica,  I  am  i^ared  the  necessity  of  collects 
ing  any  details,  by  the  promised  appearance  of  a  Tolume  of 
the  iSediogical  Transactions,  which  will  contaia  the  memoir 
iately  read  by  my  friend  Mr.  De  la  Beche,  oa  the  physicii 
Structure  of  that  part  of  the  worlcL 

Relative  to  a  small  extinct  volcano  which  he  tlisoovwed 
in  one  comer  of  the  island,  I  have  his  permissioa  for  extrsct* 
ing  the  following  particulars : 

"  In  that  part  of  Jamaica,"  says  Mr.  Dela  Beche,  "whidi 
I  examined,  I  observed  rocks  of  a  volcanic  character  only  at 
the  Black  Hill,  which  is  situated  between  Lennox,  Low 
Ijayton,  and  the  sea ;  this  hill,  when  viewed  from  4he  ndgh* 
bourhood  of  Buff  Bay,  has  a  somewhat  conical  appearance, 
and  rises  above  the  low  hills  that  extend  towards  Savanna 
I'oint ;  the  hill  however,  when  approached,  ia  seea  itp  be^ 
cone,  notwithstanding  its  effect  at  a.dislancc^ 
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^  The  rock,,  of  which  the  Black  Hill  is  compofiedy  1$ 
greyish  green  and  hard,  gives  out  an  earthy  smell  when 
breathed  upon,  and  may  be  described  in  general  terms  as  a 
volcanic  amygdaloid,  the  cells,  with  which  it  abounds^  being 
mostly  filled ;  those  however  which  have  been  exposed  ta 
the  weath^  are  frequently  emp^yi  as  are  also  those  withiii  |t 
few  inches  from  the  surface.  The  interior  of  the  empty 
cells  is  often  incrusted  with  a  little  oxide  of  iroti,  while 
those  that  are  full,  and  which  convert  the  rock  kito  an 
limygdaloid)  contain  chalcedony,  cajc-^ar,  &g^" 

Of  the  physical  structure  of  Cuba,,  nothing  appears  to  be 
known :  so  that  it  is  rather  from  analoCT  than  from  aiur 
thing  else,  that  I  have  ventured  to  refer  this  island  to  the 
same  class  as  Jamaica. 

Even  to  the  remaining  two  a  similar  remark  may  m.  a 
degree  apply ;  for  St.  Domingo  has  been  too  little  explored 
by  naturalists,  to  allow  of  our  collecting  any  thing  definite 
with  regard  to  its  constitution — we  know  only  that  it  is  ex« 
tremely  subject  to  earthquakes. 

Cortes,  in  his  Memoir  on  the  Antilles,  "before  referred  to* 
^aks  of  Porto  Rico  as  containing  antient  volcanic,  as  weU 
as  primitive  rocks,  but  he  does  not  enter  into  any  details. 

« 

.  Of  the. second  class  of  islands,  which  consist  exclusfvdy 
of  volcanic  rocks,  the  following  is  a  summai:y,  commencing 
with  the  most  southern. 

1.  Grenada,  an  extinct  crater  filled  with  water;  boiling 
springs ;  basalts  between  St.  George  and  Goave: 

S.  St.  Vincent,  an  •active  tokano,  called  Le  Soufiner,  th& 
kift«e9t  mounlttiA  in  the  chain  Which  Tuns  thitn^k 
the  idand.  It  first  ^rew  out  lavas  in  171£^  tmt  it»^ 
most  tremendous  eruption  was  in  1813,  when  there 
issued  from  the  moulitailli  86  dr^i^lfifl  a  tim^rtf  of 
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lara,  and  such  clouds  t>f  ashes,  as  nearly  corered  the 
island,  and  injuredthe  soil  in  a  manner  which- it  has 
•  never  yet  recovered.  The  total  ruin  of  the  city  of 
Caraccas  preceded  this  explosion  by  thirty-five  days,' 
and  violent  oscillations  of  the  ground  wereielt,  both 
in  the  islands,  and  on  the  coasts  of  Terra  Firma.* 

-9.  St.  Lucia  contains  a  very  active  Solfatara,  from  19  to 
14  hundred  feet  in  height.  Besides  a  considerable 
condensation  of  sulphur  given  out  from   the  crevices, 

i  Jets  of  hot  water  likewise  take  place,  v^hich  fill  peri- 

odically certain  small  basins,  like  the  Creysers  of 
Iceland. 

i|.  Martinique  ctm  hardly  be  said  to  belong  to  tbis  classy 
for  limestone  is  seen  resting  upon  the  volcanic  pro- 
ducts* 

The  latter  however  constitutes  the  fundamental  rock 
throughout  the  whole  island,  and  forms  three  principal  hilk 
called  Vauclin,  the  Paps  of  Carbet  consisting  of  felspathic 
lava,  which  are  the  most  elevated  summits  in  the  whole  of 
this  series  of  islands,  and  Montague  Pel6e.  Between  the 
first  and  second  of  these  is  found  in  a  neck  of  land  a  tract 
composed  of  ancient  basalts,  called  La  Roche  Carrie.  Hot 
springs  at  PrScheur  and  Lameutin. 

5.  Dominica  is  completely  composed  of  volcanic  matter, 

but  the  action  is  extinct. 

6.  Guadeloupe  may  be  divided  into  two  parts,  accordii^ 

to  its  physical  structure. 

The  first,  properly  called  Guadeloupe,  consists  entirely  of 
volcanic  rocks,  and  therefore  belongs  to  this  division  of  out 
subject;  the  second,  named  Grande  Terre,  is  calcareous, 
consistingof  a  shelly  limestone,  covered  by  a  bed  of  claj, 

ff 

*  Uumboldt'ft  Pen.  Narr.  vol.  4.  p.  9^ 
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4nd  contaming  rolled  masses  of  lava.  The  voTcahic  pari  of 
the  island  contains  fourteen  antient  craters,  and  one  in  a 
State  of  present  activity.  The  eruption  of  1797  took  place 
from  an  elevation  of  4800  feet.  Pumice^  ashes,  and  clouds 
of  sulphureous  vapours  were  then  ejected*  The  particulars 
are  given  in  the  report  made  to  the  French  Government  on 
the  state  of  the  volcano  in  1797  by  Mons.  Amie* 

« 

7*  Montserrat — aSolfatara;  fine  porphyritic  lavas^  with, 
large  crystals  of  felspar, and  hornblende,  near  Gallo« 
way,  often  much  decomposed  by  the  sulphureous 
exhalations,* 

»  .  .5, 

8.  Nevis — a  Solfatara. 

9.  St.  Christopher's — a  Solfatara  at  Mount  Misery. 

10.  St.  Eust£ichia — the  crater  of  an  extinguished  volcanc^^ 
surrounded  by  pumice.  *  ' 

The  3rd  class  comprehends  the  islands  of  Margarita^, 
Desirade,  Cura^oa,  Bonaire5  and  in  general  all  the  islands 
of  low  elevation ;  they  consist  entirely  of  limestone  of  very 
recent  formation. 

The  4th  class,  partly  composed  of  volcanic  prodHCti^,  and 
partly  of  shelly  limestone,  comprises  the  Islands  of  Antigua, 
St.  Barthelemi,  St.  Martin,  and  St.  Thomas. 

Antigua  is  stated  by  Dr.  Nugentt  to  be  composed,  on  the 
north  and  east,  of  a  very  recent  calcareous  formation,  corres- 
ponding with  that  of  Guadaloupe,  in  which  an  admixture 
of  marine  and  freshwater  shells  is  found;  subordinate  t6 
this  rock  on  its  southern  limit,  we  find  extensive  masses  of 
coarse  chert,  full  of  casts  of  shells,  chiefly  cerithia*  It  is 
'sometimes  intermixed  with  marL  .  . 

*  Dr.  Nugent.  Geological  Translictibns,  V6l.  1. 

f  Gtological  Transactions,  vol.  1.  new  series.  ■    * 
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Beneath  these  bads  oeetirii  an  extenflife  9efie9  of  MiitiSf4 
jrockfl,  which  Dr.  Nugent  haa  choaen  to  call  clayatcme  cgar 
glomerate,  but  which  seems  from  his  descriptioH  to  be  a  aoi^ 
of  trachytic  breccia. 

The  rock  has  generally  an  argillaceous  basis,  with  miiHU^ 
crystals  of  felspar  imbedded,  and  a  remarkably  green  liagf 
from  the  numerous  spots  of  green  earth  intermixed. 

Its  brecciated  character  is  derived  from  the  fragments  of 
^ilicified  wood,  chert,  agate,  jasper,  porphyry,  laya,  and 
'Other  substances  imbedded.  The  silicified  woods  are  par- 
tieularly  abundant 

Respecting  the  remaining  islands,  I  possess  no  information 
that  can  be  relied  on,  and  it  is  much  to  be  wished,  that 
some  Geologist,  in  imitation  of  what  has  been  done  bj 
Humboldt  on  the  American  Continent,  and  by  Yon  Pqfh 
in  the  Canaries,  would  present  us  with  a  detailed  account  of 
the  physical  structure  generally  of  the  Antilles. 

The  process,  by  w(iich  these  islands,  according  to  Moreaii 
de  Jonnes,  are  in  many  instances  formed,  is  sufficientlj 
curious ;  first  a  submarine  eruption  raises  from  the  bottom 
of  the  sea  masses  of  volcanic  products,  which,  as  they  dp 
not  rise  above  the  surface  of  the  water,  but  form  a  shoal  a 
short  way  below  its  surface,  serve  as  a  foundation  on  whicb 
the  Madreporites  and  other  marine  animals  can  commencie 
their  superstructure.  Hence  those  beds  of  recent  coralline 
limestone,  seen  covering  the  volcanic  matter  in  many  of  t})0 
islands.* 

It  may  also  be  observed,  that  such  as  exhibit  traces  of 
.the  recent  action  of  fire,  are  all  situated  in  a  line  on  the 
western  boundary  of  the  range,  from  N.  latitude  12  to  18, 
and  W.  long.  61  to  63.  Whatever  indications  of  the  kind 
occur  farther  to  the  west  belong  to  eruptions  of  an  older  date. 

Humboldt  remarks,t  that  we  must  not  svippose  eac)i 
island  the  product  of  a  single  volcano,  but  rather  to  be  nra* 

•  Humboldt's  Pers.  Narr.  vol.  4.  p.  jt2, — See  i^lso  Chai|u«ip  in  JLo|v(9W^> 
Voyage  of  Discovery. 

f  penoaal  Namttvey  vol.  4. 
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tfaced  by  a  series  of  eruptions  proceeding  from  several  ori- 
fices, and  joined  together  by  the  musses  subsequently 
Reeled. 

Tl  is  time  however  to  proceed  to  consider  the  volcanos  of 
the  Continent  of  Americii,  our  acquaintance  with  which  is 
exclusively  due  to  the  labours  of  a  single  individual,  tht 
celebrated  Alexander  de  Hnmboldt. 

It  is  much  to  be  regretted  that,  owing  to  the  snTpriaing 
variety  of  subjects  which  he  has  undertaken  to  investigate, 
it  has  been  impossible  for  him  hitherto  to  do  more,  than  pre* 
•ifeiit  the  world  with  fragments  and  glimpes  as  it  were  of  chitl 
Information  with  respect  to  the  geology  of  the  New  Woild, 
which  it  ia  to  be  hoped  he  will  one  day  unfold  to  ue. 

Bf^inning  with  the  Peninsula  of  California,  we  may 
reckon  three  volcanos,  supposed  to  be  at  present  in  activity  s 
Mount  Saint  Elia,  Mount  del  Bueii  Tiempo,  and  Volcano 
de  las  Virgines.  Of  these,  however,  little  is  known  except 
their  names,  althongh  the  mountain  of  St.  Elra  ranks  among 
Aie  highest  in  the  globe,  being,  according  to  Perouse, 
18,672,  and  according  to  the  Spanish  navigators,  who  mea- 
sured it  in  1791  by  precise  means,  no  less  than  17,873  feel 
above  the  level  of  the  sea. 

In  Mexico  appears  to  commence  the  great  chain  of 
Volcanic  mounlains,  which  extends  with  little  interruption 
from  the  21th  deg.  of  N.  to  the  2d  deg.  of  S.  lat. 

The  most  northern  point  in  this  country  in  which  any 
signs  of  volcanic  action  are  known  to  occur,  is  near  the  town 
of  Durango,  in  lat.  24.  long.  104,  wliere  there  Ir  a  irroiipe  of 
rocks  covered  with  scoris,  called  La  Breiia,  which  rise  up  in 
the  midst  of  a  level  plain. 

The  latter  consist  of  basaltic  amygdaloid,  and  on  the 
summit  of  one  of  th«  neighbouring  mountains  a  reguW 
crater  was  discovered. 

No  active  volcanos  liowever  are  to  be  met  willi  until  we 
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reach  the  parallel  of  the  city  of  Mexico  itself,  anrd'  hem 
almost  in.  the  same  line  occur  five,  so  placed  that  they  appear 
to  de  derived  from  a  fissure  traversing  Mexico  from  yresi  ta 
east,  in  a  direction  perpendicular  to  that  of  the  great  mouo- 
'tain  chain,  which,  extending  fironr  north-west  to  south^eist, 
constitutes  the  great  table  land  of  the  American  Continenti 
It  is  interesting  to  remark,  that  if  the  same  parallel  line, 
which  connects  the  active  volcanos  of  Mexico,  be  pfolonged 
in  a  westemly  direction,  it  would  traverse  the  groupeof 
islands  called  the  Isles  of  Revillagigedo,  which  there  majf 
be  reason  to  consider  volcanic  from  the  pumice  foond 
amongst  them.^  i 

.  The  most  eastern  of  these,  that  of  Tuxtla,.  is  situate^  i 
few  miles  to  the  north  west  of  Veracruz.  It  had  a  coOf 
siderable  eruption  in  1793,  the  ashes  from  which  were  carried 
as  far  as  Perote,  a  distance  of  57  leagues* 

In  the  same  province,  but  farther  to  the  west  occur,  die 
Tolcano  of  Orizaba,  the  height  of  which  is  17,300  feet,  and 
the  peak  of  Popocatepetl,  300  feet  higher,  the  loftiest  emi* 
nence  in  New  Spain.  The  latter  is  continually  burning,! 
though  for  several  centuries  it  has  thrown  nothing  up  firao 
the  crater  but  smoke  and  ashes. 

On  the  western  side  of  the  city  of  Mexico,  are  the  volcanos 
of  JoruUo  and  Colima.  The  elevation  of  the  latter  is  esti- 
mated at  about  9000  feet.  It  frequently  throws  up  smoke 
and  ashes,  but  has  not  been  known  to  eject  lava. 

The  volcano  of  Jorullo,  situated  between  Colima  and  the 
town  of  Mexico,  is  of  much  more  modern  date  than  the  rest) 
and  the  great  catastrophe  which  attended  its  first  appear 
ance,  is  perhaps,  (says  Humboldt)  one  of  the  most  extra* 
ordinary  physical  revolutions  in  the  annals  of  the  history  o( 
our  planet.:|: 

•  *  See  the  map  of  Mexico,  which  accompanies  this  volame. 

f  Mr.  Bullock  has  called  in  question  this  statement  of  Humboldt's^  bot% 
still  more  recent  traveller,  Mr.  Stapleton,  has  confirmed  it*  BuU.  de»  S€i»  ^ 
September,  18S5<      -  .     ,      .     .       . 

I  KouvelU  Espagne,  y.  848.  Fol.  Ed. 
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■  ■  Geology  points  out  parts  of  the  ocean  near  the  Azores,  in 
the  Egean  Sea,  and  to  the  south  of  Iceland,  (!)  where,  at 
recent  epoques,  within  the  last  2000  years,  small  volcanic 
islands  have  risen  above  the  surface  of  the  vtater;  but  it 
gives  us  no  example  of  the  formation,  from  the  centre  of  a 
thousand  burning  cones,  of  a  mountain  of  scorite  and  ashes 
1695  feet  in  height,  comparing  it  only  wiili  the  level  of  the 
adjoining  plains,  in  the  interior  of  a  continent,  36  leagues 
distant  from  the  coast,  and  more  than  4S  leagues  from  every 
other  active  volcano. 

A  vast  plain  extends  from  the  hills  of  Aguasarco  nearly  to 
the  villages  of  Teipa  and  Pelallan,  both  equally  celebrated 
for  their  fine  plantations  of  Cotton.  Between  the  Picacbos 
d^  Mortero,  the  Cerroa  de  laa  Cuevas,  and  de  Cuiche,  this 
plain  is  only  from  2400  to  2600  feet  above  the  level  of  tlie 
sea.  In  the  middle  of  a  tract  of  ground  in  which  porphyry 
with  a  greenstone  base  predominates,  basaltic  cones  appear, 
the  summits  of  which  are  crowned  with  vegetation,  and 
form  a  singular  contrast  with  the  aridity  of  the  plain,  which 
has  been  laid  waste  by  volcanus. 

Till  the  middle  of  the  last  century,  fields  covered  with 
sugar-cane  and  indigo  occupied  the  extent  of  ground  be- 
tween the  two  brooks  called  Cuitimba  and  San  Pedro. 
They  were  bounded  by  basaltic  mountains,  the  structure 
of  which  seems  to  indicate,  that  all  this  country,  at  a  very 
remote  period,  had  been  already  several  times  convulsed  by 
volcanos.  These  fields,  watered  by  artificial  means,  be- 
longed to  the  farm  of  Don  Pedro  di  Jorullo,  and  were  among 
the  most  fertile  in  the  countiy. 

In  the  month  of  June,  1759,  a  subterraneous  noise  was 
heard.  Hollow  sounds  of  the  most  alarming  nature  weit* 
accompanied  by  fi^quent  earthquakes,  which  succeeded 
each  other  for  from  fifty  to  sixty  days,  to  the  great  conster- 
nation of  the  inhabitants  of  the  farm.  From  the  beginning 
of  September  evei-y  thing  seemed  to  announce  the  complete 
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re-e9tablishnient  of  tranquillity,  when  in  the  night  of  the 
gSth  and  S9tb,  the  horrible  subterraneous  noise  recom- 
menced. The  affrighted  Indians  fled  to  the  mountains  of 
Aguasarco.  ji  tract  of  ground  from  three  to  four  square 
miles  in  extent  rose  up  in  the  shape  of  a  bladder.  The 
bounds  of  this  convulsion  are  still  distinguishable  from  the 
fractured  strata.* 

The  Malpays  near  its  edges  is  only  39  feet  above  the  old 
level  of  tlie  plain,  called  Ims  Plat/as  de  Jorullo ;  but  the 
convexity  of  the  ground  thus  thrown  up  increases  pro- 
gressively towards  the  centre  to  an  elevation  of  524  feet. 

Those  who  witnessed  this  great  catastrophe  from  the  top 
of  Aguasarco  assert,  thut  Hames  were  seen  to  issue  forth  for 
an  extent  of  more  than  half  a  square  league,  that  fragments 
of  burning  rocks  were  thrown  to  prodigious  height?,  and 
that  through  a  thick  cloud  of  ashes,  illumined  by  volcajuc 
Gre,  the  softened  surface  of  the  earth  was  seen  to  swell  up 
like  an  agitated  sea.  The  rivers  of  Cuitimba  and  San  Pedro 
precipitated  themselves  into  the  burning  chasms.  The  de* 
composition  of  the  water  contributed  to  invigorate  the 
flames,  which  were  distinguishable  at  the  city  of  Pascuaro, 
though  situated  on  a  very  extensive  table  land,  4593  feet 
above  the  plains  of  Las  Playas  de  JoruUo.  Eruptions  nf 
mud,  and  especially  of  strata  of  clay,  enveloping  balls  of 
decomposed  basalt  in  concentrical  layers,  appear  to  indicate 
that  subterraneous  water  had  no  small  share  in  producing 
this  extraordinary  revolution.  Thousands  of  small  cones, 
from  six  to  ten  feet  in  height,  called  by  the  natives  ovens 
(hornitos)  issued  forth  from  the  Malpays.  Although,  ac- 
cording to  the  testimony  of  the  Indians,  the  heat  of  these 
volcanic  ovens  has  suffered  a  great  diminution  during  the  last 
fifteen  years,  I  have  seen  the  thermometer  rise  to  212"  on 
being  plunged  into  fissures  which  exhale  an  aqueous  vapour. 
Each  small  cone  is  afuinarole,  from  which  a  thick  vapour 

-  ■■  See  Hip  Front itpi'ece. 
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them  a  subterraneous  noise  i 
noiince  the  proximity  of  a  flu' 


■^ehd3  to  the  height  of  from  22  to  32  feet.  In  many  of 
-,  heard,  which  appears  to  an- 
jid  in  ebullition. 

In  the  midst  of  the  ovens,  six  large  masses,  elevated,  from 
300  to  IGOO  feet  each,  above  the  old  level  of  the  plains, 
sprung  up  from  a  chasm,  of  which  the  direction  is  from 
N.N.E.  to  S.S.W.  This  is  the  phenomenon  of  the  Monte 
Nuovo  of  Naples,  several  times  repeated  in  a  range  of  volcanic 
hills.  The  most  elevated  of  these  enormous  masses,  which 
remind  ns  of  the  Puys  in  Auvergne,  is  the  great  volcano 
of  Jorullo.  It  is  continually  burning,  and  has  thrown  up 
from  its  north  side  an  immense  quantity  of  scorified  and 
basaltic  lavas,  containing  fragments  of  primitive  rocks. — 
These  great  eruptions  of  the  central  volcano  continued  till 
the  month  of  Februaiy,  1760.  In  the  following  years  they 
became  gradually  less  frequent. 

The  Indians,  frightened  at  the  horrible  noises  of  the  new 
volcano,  abandoned  at  first  all  the  villages  situated  within 
seven  or  eight  leagues  distance  of  the  Plai/as  de  Jorulh. 
They  became  gradually  however  accustomed  to  this  ter- 
rific spectacle ;  and  having  returned  to  their  cottages,  they 
advanced  towards  the  mountains  of  Aguasarco  and  Santa 
InSs,  to  admire  the  streams  of  fire  discharged  from  an  infinity 
of  small  volcanic  apertures  of  various  sizes.  The  roofs  of 
the  houses  at  Queretaro,  at  a  distance  of  more  than  48 
leagues  in  a  straight  line  from  the  scene  of  the  explosion, 
were  at  that  time  covered  with  ashes. 

Although  the  subterraneous  fire  now  appears  far  from 
violent,  and  the  Malpaya  and  the  great  Volcano  begin  to  be 
covered  with  vegetables,  we  nevertheless  found  the  ambient 
air  heated  to  such  a  degree  by  the  action  of  the  small  ovens 
(hornilos)  that  the  thermometer  at  a  great  distance  above 
the  ground,  and  in  the  shade,  rose  as  high  as  109°  of  Fahren- 
heit. This  fact  proves,  that  there  is  no  exaggeration  in  the 
accounts  ofseveral  Indians,  who  aflirm  that  tor  many  years 
Y  2 
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after  the  Brat  eruption,  the  plains  of  Jonillo,  even  at  a  great 
dittaace  6om  the  ground  ^duch  had  been  thrown  up,,  were 
ttiinhabitable,  from  the  excemve  heat  which  prevailed  in 
them* 

The  traveller  is  still  shewn,  near  the  Cerro  de  Santa  USs^ 
the  iiTers  of  Cuitimba  and  San  Pedrc^  the  limpid  waten  of 
which  formerly  watered  the  sugar-cane  plantations  of  Don 
Andie  PimenteL  These  streams  disappeared  in  the  ni^ 
of  the  29th  September,  1759 ;  but  at  a  distance  of  6500  fisol 
fiurther  west,  in  the  tract  which  was  the  theatre  of  the  conTnt 
aion,  two  rivers  are  now  seen  bursting  tlurough  the  aigil' 
laeeous  vault  of  the  Harniiosy  which  make  their  appearaoce 
as  waErm  sprii^s,  raising  the  thermometer  to  126*  of  Fahien* 
heit. 

The  Indians  continue  to  give  them  the  namea  oTSan  Pedio 
and  Cuitimba,  because  in  several  parts  of  the  Malpays  great 
masses  of  water  are  heard  to  run  in  a  direction  from  east  to 
west,  from  the  mountains  of  Santa  InSs  towards  rilacknia 
dc  la  Presentacion.  Near  this  habitation  there  is  a  brook 
which  disengages  sulphuretted  hydrogen.  It  is  more  than  S3 
feet  in  breadth,  and  is  the  most  abundant  hydro«sulphureous 
water  which  I  have  ever  seen.* 

*  Mr.  Poulett  Scrope  (whose  views  od  tlie  subject  to  which  these  Lectnm 
relate  I  should  have  had  frequent  occasion  to  allude  to,  had  not  the  preient 
Tolume  been  almost  completed  before  his  *'  ConsideratioiiB  on  Volcanos**  came 
before  the  public)  has  questioned  the  soundness  of  the  explanation  whicb 
Humboldt  has  given  of  the  phsBuomena  presented  by  JoniUo. 

I  would  observe  however,  that  even  those,  who  may  be  disposed  to  coBCor 
wfth  this  author  in  considering  the  evidence  adduced  by  the  Prussian  tn- 
yeUer  as  insufficient  to  establish  the  case  in  point,  supposing  it  to  bci  as  bi* 
opponent  represents,  one  altogether  anomalous,  and  contradictory  to  the 
ordinary  march  of  nature,  may  still  see  no  leason  for  rejecting  his  view  of 
the  subject,  if  in  conformity  to  that  mode  of  formation  which  they  may  be  led 
from  other  considerations  to  attribute  to  many  detached  and  conical  massei  of 
trachyte  and  of  basalt. 

Now  without  meaning  to  enter  generally  into  the  consideration  of  thii*  or 
any  other  of  the  theories,  which  Mr.  Scrope  has  often  very  ingeniously  <fe- 
iended,  I  must  remark,  that  the  difficulty  of  supposing  a  line  of  eminenoeii 
per€c*ctly  detached  from  each  other,  composed  of  a  material  nowhere  else  foun^ 
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.  ■  The  five  active  volcanos  just  noticed  appear  to  be  con- 
■tocted  by  a  chain  of  intermediate  cones  running  in  a  parallel 
■ttrection,  and  exhibiting  evident  indications  of  a  similar 
*  origin. 

in  the  licinily,  BTid  •ppareolly  tmaSected  by  dllnvial  action,  la  be  merely 
(he  relicB  of  cme  continuom  strBtum,  Ihe  remainder  of  vrhieh  has  been  iwept 
away.  Inclines  me  to  think,  tbat  >11  the  coiiical  hilU  near  Clennonl,  com' 
posed  urDomile,  haTe  beea  separately  thrown  up. — Sdly.  Thitbsving arrived 
■t  this  cuaclngiDn  with  regard  to  Iheie  mountuias  in  Auvargne,  1  am  diiposed 
froin  snali^y  !□  exiead  llie  BBine  idea,  not  only  to  tbe  Irachytic  rocliE  occurring 
near  (he  Rbine,  in  Slyria,  and  in  many  other  localities,  but  likewise  to  certain 
basalts  of  similar  form  and  position.— Sdly.  Tbat  having  been  thin  brought  to 
consider  the  elevation  of  separate  dome'like  matses  of  trachyte,  and  even  of 

credit  the  alatemenls  of  Humboldt  with  regard  to  the  modern  cose  ofJorullo, 
although  I  consider  tny  general  views  with  regard  (o  the  older  trachytes, 
independent  of  the  accutacy  of  the  report  he  has  given  us.  I  cannot  however 
admit,  lint  eren  if  the  case  of  Jorullo,  as  represented  by  Humboldt,  were  one 
of  BO  unprecedented  kind,  there  would  b«  auy  Kufficient  reason  for  rejecting 
his  stalemenl;  seeing  that  there  are  too  few  instances  of  Volcanos  having 
broken  out  in  new  spots  within  Ihe  nanow  limits  of  humBD  observatioD,  to 
warrant  any  general  inferences  on  the  sabjecl.  indeed  with  respect  Id  these 
few,  so  fnr  at  can  be  galhered  Irnm  the  imperfect  atatemeolt  handed  down  to 
««,  there  seems  to  be  fully  as  much  in  the  circumstances  related,  to  favour 
Humboldt's  views,  as  to  contradict  them.  Witnea  the  elevation  of  the  pro- 
montory ofMethone,  or  TrcEzeue  in  the  Mores,  BndotlhelilBndsiBtheGreciaa 
Archipelago. 

1  make  these  remarks  not  with  tbe  desire  of  provoking  controversy,  but  la 
Bcquilmyeelf  of  any  charge  of  disrespect — either  to  a  fellow  labourer  in  the 
same  field  of  science  as  myself,  in  not  Doticitighis  objection; — or  to  my  readers 
in  general,  in  imposing  upon  them  in  eorroboratiou  of  my  own  views,  a  stale- 
menl offsets,  without  informing  tbem  ibsl  tjjat  sUtemeni  had  been  receally 
conlroverled. 

I  Batter  myself  however,  that  my  disagreement  with  Mr.  Sorope  on  ibis 
point  will  be  found  less  wide  in  reality,  than,  in  appearance, for  lam  not  avaca 
thai  he  means  la  deny  the  separate  elevation  of  conical  masses  of  trachyte,  or 
Ibat,  admitting  Ihis,  be  would  refuse  to  extend  Ihe  same  liypotbcsis  even  Id 
basaltic  lavas  simiUrly  circumstanced. 

Now  provided  thus  much  be  admitted,  it  is  a  matter  of  very  little  importance, 
■o  far  as  my  own  views  are  coneemed,  whether  the  cows  of  th«ir  holding  tlie 
position  tliey  now  occupy  is  to  be  aoughl  for,  in  a  swelling  up  of  the  materiala 
caused  by  elastic  vapours,  or  in  a  tefs  perfect  fluidity  of  tile  lavs,  which 
caused  it  to  accumalale  round  •  circumscribed  space,  ao  ■>  to  forin  b  conical 
or  dome-like  mountain. 


Tims  Orizaba  is  tonnecled  with  Popocatepetl  by  the 
Coflre  de  Pernte,  and  with  Jorullu  by  the  extinct  volcano 
of  Mexico,  otherwise  called  IztaccihuatI;  and  the  geo- 
logical structure  of  these  and  all  the  other  lofty  mountains^ 
that  rise  above  the  table  land  of  Mexico  on  the  same  parallel, 
appears  to  be  the  sahie,  being  composed  of  trachyte,  from 
apertures  in  which  the  existing  volcanos  act.* 

The  saine  law  prevails  in  the  provinces  of  Guatiniala  aad 
Nicaragua,  which  lie  between  Mexico  and  the  Isthmus  of 
Darien,  but  the  volcanos  here,  instead  of  being  placed  nearly 
at  right  angles  to  the  chain  of  the  Cordilleras,  run  parallel 
to  it. 

in  these  provinces  no  less  than  21  active  volcanos  are 
enumerated,  all  of  ihem  contained  between  10  and  15  of  N. 
latitude. 

Those  which  have  been  most  lately  in  a  state  of  eruption, 
are  Los  Fuegos  of  Guatimala,  Isalcu,  Momutombo,  Talica, 
and  Bombacbo. 

On  the  southern  side  of  the  Isthmus  there  are  also  several. 
Three  occur  in  the  province  of  Pasto,  and  three  in  Popayan, 
both  I  believe  comprehended  under  the  present  Republic  of 
Columbia,  and  (here  are  live  in  Quito. 

The  connexion  of  that  near  the  lown  of  Pasto  with  those 
of  the  province  of  Quito,  was  shewn  in  a  striking  manner  in 
1797.  A  thick  column  of  smoke  had  proceeded  ever  since  the 
month  of  November,  1796,  from  the  volcano  of  Pasto ;  but  to 
the  great  surprise  of  the  inhabitants  of  the  city  of  that  name, 
the  smoke  suddenly  disappeared  on  the  4tli  of  February, 
1797.  This  wa8  precisely  the  moment,  at  which,  65  leagues 
further  south,  the  city  of  Riobamba,  near  Tunguragua,  was 
destroyed  by  a  tremendous  earthquake. 

Between  Quito  and  Chili  only  one  volcano  is  knqwn  to 
occur,  and  this  is  situated  in  Peru. 

•  iliunboldt  Q.  dc>  itocbes,  337. 
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"Nevertheless  the  fi'equent  occurrence  of  earthquakes  in 
e  intermediate  country  renders  it  probable,  that  no  natural 
ration  exists  between  the  two  provinces,  but  that  the 
eame  operations  are  in  fact  proceeding  throughout  the  whole 
intermediate  tract. 

It  appears  probable,  says  Humboldt,  that  the  higher  part 
of  the  kingdom  of  Quito,  and  the  neighbouring  Cordilleras, 
far  from  being  a  groupe  of  distinct  volconos,  constitute  a 
single  swollen  mass,  an  immense  volcanic  wall,  stretching 
from  south  to  north,  the  crest  of  which  exhibits  a  surface  of 
more  than  600  square  leagues.  Cotopaxi,  Tunguragua, 
Antisana,  and  Pichinca,  are  placed  on  this  immense  vault, 
and  are  to  be  considered  rather  as  the  different  summits  of 
one  and  the  same  volcanic  mass,  than  as  distinct  mountains. 
The  fire  finds  a  vent  sometimes  from  one,  sometimes  from 
another  of  these  apertures.  The  obstructed  craters  appear 
to  us  to  be  extinguished  volcanos;  but  we  may  presume, 
that,  since  Cotopaxi  and  Tunguragua  have  only  one  or 
two  eruptions  in  the  course  of  a  century,  the  fire  is  not  leas 
cnntinually  active  under  the  town  of  Quito,  under  Pichincha, 
and  Imbaburu.* 


In  Chili  no  less  than  sixteen  volcanos  are  said  to  be  in  a 
state  of  activity.  They  are  all  situated  near  the  middle  of 
(he  range  of  mountains,  which  runs  in  a  direction  nearly 
parallel  to  the  coast.  The  lava  and  ashes  discharged  from 
ihem  never  extend  beyond  the  limits  of  the  Andes. 

Only  two  volcanos  are  found  among  the  maritime  and 
midland  mountains :  one  at  the  mouth  of  the  River  Rapel, 
which  is  small,  and  emits  only  a  little  smoke  at  intervals ;  the 
other,  the  great  volcano  of  Villarica,  distinguishable  at  the 
distance  of  150  miles,  and  said  to  be  connected  at  its  base 
with  the  Andes. 


*  PereuniU  Niriativi:,  vol.  4,  p.  SO,  Eng.  Tr. 
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It  continues  burning  without  intermissiony  but  its  enip- 
tious  have  seldom  been  violent.  The  base  is  covered  with 
forests,  and  its  sides  virith  a  lively  verdure^  but  its  summit 
reaches  above  the  line  of  perpetual  snow. 

The  most  remarkable  eruption  of  the  Chilian  Yolcanos 
was  that  of  Peteroa,  on  the  3d  of  December,  1760,  when  the 
volcanic  matter  opened  for  itself  a  new  crater,  and  a  moun- 
tain in  its  vicinity  experienced  a  rent  several  miles  in  extent 
A  large  portion  of  the  mountain  fell  into  the  Liontue,  and 
having  filled  its  bed,  gave  rise  to  a  lake  in  consequence  of 
the  accumulation  of  the  waten* 

Thus  a  line  of  volcanic  mountains  may  be  traced  at  in- 
tervab  from  the  5th  to  the  40th  degree  of  sotfth  latitude^ 
running  nearly  parallel  to  each  other ;  whilst  the  intervenii^ 
spaces  exhibit,  in  the  frequent  earthquakes  that  occur,  phe- 
nomena of  an  analogous  kind. 

This  apparent  communication,  or  at  least  similarity  of 
constitution,  subsisting  between  the  several  parts  of  this 
tract,  is  the  more  remarkable,  from  the  absence  of  all  indi- 
cations of  volcanic  action  from  the  countries  situated  on  the 
eastern  side  of  the  Andes,  whether  in  Buenos  Ayres,  Brazil, 
Guyana,  the  coast  of  Venezuela,  or  the  United  States. 

It  is  true  there  exist  a  little  to  the  east  of  the  Andes  three 
small  volcanos,  situated  near  the  sources  of  the  Caqueta,the 
Napo,  and  the  Morona,  but  these,  in  Humboldt's  opinion, 
must  be  attributed  to  the  lateral  action  of  the  volcanos  of 
Columbia. 

There  is  one  remarkable  phaenomenon  belonging  to  vol- 
canos of  the  New  World,  which,  though  not  altogether  pe- 
culiar to  them,  is  more  frequent  there  than  among  those  of 
Europe. 

It  often  happens,  that  instead  of  ejections  of  lava  pro- 
ceeding from  the  volcano  during  its  periods  of  activity, 

*  Molina.  Hist.  Natur.  dc  Chili. 
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»infl' oTboiling  water  mixed  with  in>id  alone  are  thrown 
out. 

It  was  once  imagined  that  the  mud  and  water  were 
genuine  products  of  the  volcano,  derived  from  some  spot  in 
the  interior  of  the  mountain,  equally  deep-seated  with  that 
from  which  the  lava  itself  proceeds ;  but  a  fact  recorded  by 
Humboldt  has  done  much  to  dispel  this  illusion. 

It  seems,  that  with  this  mud  are  often  thrown  out  mnlti> 
tudcs  of  small  fish  (Pymelodes  Cyclopum),  sometimes 
indeed  in  numbers  sufficient  to  taint  the  air.  Now  as  there 
is  no  doubt  that  these  fish  proceeded  from  the  mountain 
itself,  we  must  conclude,  that  it  contains  in  its  interior  large 
lakes  suited  for  the  abode  of  these  animals,  and  therefore  in 
ordinary  seasons  out  of  the  immediate  influence  of  the  vol- 
canic action. 

Admitting  the  existence  of  these  lakes,  it  is  certainly 
most  natural,  to  attribute  the  water  thrown  out  to  the  burst- 
ing of  one  of  them,  and  the  mud  to  the  intermixtui'e  of  the 
water  with  the  ashes  at  the  same  time  ejected. 

The  conclusions  to  which  Humboldt  has  arrived  from  his 
observations  on  the  physical  structure  of  America,  some  of 
which  have  appeared,  but  the  greater  part  remain  unpub- 
lished, are  as  follows  i 

All  the  most  elevated  points  of  the  Cordilleras  are  of 
trachyte,  which  rock  encircles  in  zones  a  large  portion  of  the 
(able  land,  but  rarely  extends  towards  the  plains.  When 
the  trachyte  does  not  exist  in  sufficient  quantity  to  cover  the 
entire  soil,  it  is  scattered  in  small  distinct  masses  on  the 
back  and  crest  of  the  Andes,  raised  in  the  form  of  pointed 
rocks  from  the  bosom  of  the  primitive  and  transition  fonoap 
tions. 

Trachytes  and  basalt  are  rarely  Jbund  together,  and  there 
seems  to  be  a  mutual  repulsion  between  these  two  classes  of 
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torraalions.*  True  basalta  with  olivine  do  hol~  cdiis&lau' 
i  teds  interslratified  with  the  trachyte,  but  when  they  are 
I  libund  near  the  latter,  they  are  snperposed. 

'  These  and  other  volcanic  formations,  such  as  clinkstone, 

I  junygdaloid,  and  pumiceous  conglomerates,  are  the  principal 

^cks  met  with  above  the  trachyte ;  sometimes,  however, 

small  local  formations  of  tertiary  limestone  and  gypsum 

■occur. 

.  The  circumstance  however  which  deserves  to  be  con-' 
«dered  with  the  greatest  attention,  as  leading  to  the  most- 
important  consequences,  is  the  apparent  passage  from  the 
tj-achyte  into  the  porphyry  beneath  it. 

This  rock,  which  Humboldt  considers  as  belonging  to  the 
■transition  series,  is  distinguished  from  the  porphyries  which 
are  most  common  in  the  Old  World,  by  the  almost  entire 
■absence  of  quariz,  the  presence  of  hornblende,  of  glassy  as 
■*ell  as  common  felspar,  and  sometimes  of  augite.  It  would 
itherefore  be  difficult  to  fix  upon  any  absolute  line  of  separa- 
tion between  this  kind  of  porphyry  and  trachyte;  it  is  only 
from  the  union  of  all  these  mineralogical  characters  with 
the  presence  of  obsidian,  pearlstone,  and  scoriform  masses, 
Lftlnad  ti'om  ihe  relative  position  of  the  rock,  that  we  can  deler- 
liine  it  to  be  trachyte. 
It  is  also  equally  difficult  to  pronounce  where  the  trachyte 
begins,  and  the  porphyry  which  supports  It  terminates,  for 
glassy  felspar  gradually  becomes  more  and  more  common  as 
iwe  ascend  to  the  upper  strata  of  the  transition  porphyry, 
:wid  beds  even  occur  in  it,  which  are  considered  almost  aa 
characteristic  of  the  trachytic  formation. 

Thus  between  the  porphyries  which  contain  the  rich  eilver 
-mines  of  Real  del  Monte,  and  the  white  trachytes  with 
pearlstone  and  obsidian  which  compose  the  Mountain  of 
Couteaux  east  of  Mexico,  an  intermediate  class  of  rocka 
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<3ccurs,  which  partakes  sometimes  of  the  characters  of  the 
older,  and  sometimes  of  the  newer  formation. 

Ill  South  America  likewise,  the  same  remark  applies  to  the 
strata  intervening  between  the  transition  porphyry  covered 
with  black  granular  limestone,  and  the  pumiceous  trachytes 
constituting  the  active  volcano  of  Purac^. 

In  like  manner,  in  the  very  midst  of  the  Mexican  por- 
phyry, so  lich  in  gold  and  silver,  we  observe  beds,  destitute 
of  hornblende,  but  abounding  in  long  narrow  crystals  of 
glassy  felspar,  which  cannot  be  distinguished  from  the  clink- 
stone porphyry  of  Bilin,  in  the  trachytic  district  of  Bohemia. 
In  short  Humboldt  considers,  that  there  is  no  more  reason 
for  admitting  a  natural  line  of  [separation  between  the  tran- 
sition and  tlie  volcanic  formation  of  America,  than  there  is 
between  the  former,  and  the  secondary  limestones  which  are 
found  above  it  in  the  Old  World. 

Before  however  we  proceed  to  draw  any  inferences  from 
these  observations,  I  would  remind  you  of  what  I  have  said 
with  respect  to  the  pai^allel  case  of  the  porphyries  of  Hun- 
gary, and  would  observe  moreover  on  the  present  subject, 
that  the  authority  justly  due  in  general  to  the  opinions  of 
an  individual  so  distinguished  as  Humboldt  is  in  some 
degree  weakened  here  by  the  circumstance  of  their  being 
founded  on  observations  made  more  than  twenty  years  ago, 
at  a  lime  when  the  very  existence  of  several  of  the  rocks,  to 
-  whidi  reference  is  repeatedly  made,  was  unknown.  It  is 
therefore  possible,  not  only  that  the  observations  of  this 
philosopher,  whilst  in  America,  may  have  been  deficient  in 
that  precision  which  the  present  improved  state  of  the 
science  would  have  imparted  to  them  j  but  that  his  attempts 
to  reconcile  the  &cts  themselves  to  systems  since  established, 
being  made  since  his  return,  may  not  always  have  been 
successful. 

When  for  instance  Mons.  de  Humboldt  speaks  of  the 
Muscheikaik,  the  Quadersandslein,  and  the  Tertiary  rocks 


L 


American  ConlittetU. 


GENERAL  REM3RK8. 

of  America,  it  must  be  admitted  that  his  decision  on  sach 
points  would  have  carried  with  it  more  authority,  had  he 
visited  America  since  the  characters  of  these  rocks  have 
lieen  made  out,  since  it  Is  impossible  for  the  moat  compre- 
hensive mind  to  possess  that  full  recollection  of  all  the  facts 
that  bear  upon  a  complicated  subject,  which  should  enable 
^im  lo  derive  from  this  alone  the  same  degree  of  certainly,  ai 
he  might  obtain  upon  the  spot  itself. 

I  hail  tlicrefore  w^ith  the  greatest  satisfaction  the  intentiiM 
-which  M.  de  Humboldt  has  held  out  to  us,  of  again  visitiB^ 
the  scenes,  where  in  early  life  he  has  reaped  so  much  distinfr 
lion  ;  persuaded,  that  returning  as  he  would  do  in  full  pot- 
-session  of  all  the  facts  that  have  since  been  accumulated  in 
geology,  he  could  not  fail  to  clear  up  those  doubts,  whicil, 
in  spite  of  his  previous  labours,  still  hang  over  the  subject- 
of  the  older  formations  of  America. 

The  porphyry  which  has  led  to  theee  remarks  is  distill- 
'guished  by  Humboldt  into  two  kinds :  the  more  antiea^ 
-immediately  covering  the  primitive  rocks;  the  more  modeny' 
resting  on  slates  and  limestones  belonging  to  the  transition 
series.  The  former  cont^ns  no  metallic  veins,  the  latter 
abounds  in  them.  Both  however  possess  the  same  charac- 
ters, by  which  they  become  allied  lo  the  traobytes,  just  ■ 
the  transition  porphyries  of  Europe  present  many  analogic 
'  to  the  red  sandstone. 

The  older  porphyry  is  found  in  South  America  i 
diately  resting  on  the  primitive  rocks,  and  is  covered  }Sf 
'Syenite,  composed  of  hornblende  and  common  felspar,  whil 
a  little  mica  and  quartz. 

This  syenite  seems,  in  the  province  of  Popayan,  to  paw 
.  into  trachyte ;  the  hornblende  becoming  more  abandanl,  ilM 
mica  more  rare,  and  glassy  taking  the  place  of  com 
felspar. 

Sometimes,  as  at  the  foot  of  the  volcano  of  Purac^,  iht 
syenite  is  separated  by  granite  from  the  superimposed  tlB» 
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jbjrte,  which  latter  at  Lop  becomes  glossy,  and  paxses  into 
obsidian. 

The  syenite  is  sometimes  covered  with  a  black  limestone, 
so  highly  charged  with  caiboii  as  to  soil  the  fingers,  and 
possessing  all  the  characters  of  a  transition  rock,  and  yet 
the  porjjhjry  on  which  it  rests  has  much  resemblance  to 
trachyte. 

Humboldt  also  notices  other  circumstances  which  tend  to 
establish  a  connexion  between  the  transition  porphyry  and 
the  trachyte ;  thus  the  former  rock  at  Pisoja  is  columnar, 
and  at  Rio  Guachicon  contains,  like  the  trachyte  of  the 
Siebengebirge,  fragments  of  gneiss. 

Notwithstanding  this,  he  seems  afterwards  to  admit,  that 
it  is  questionable,  whether  these  rocks  are  to  be  considered 
as  belonging  to  the  transition  or  to  the  trachytic  series. 

These  porphyries  in  Quito  alternate  with  gneiss  and  mica- 
slate,  (rocks  on  wliich  they  usually  repose)  and  are  covered 
by  trachyte,  to  which  they  present  aii  approximation; 
hornblende  and  augite  becoming  more  frequent  towards  the 
upper  part  of  the  formation. 

The  syenite  associated  with  this  porphyry  also  appears  to 
contain  salt  springs,  gypsum,  and  sitlphur,  and  is  covered  by 
a  greenstone,  consisting  of  felspar  united  with  hornblende, 
and  not  with  augite.  Mons.  de  Humboldt  considers  this 
an  additional  proof,  that  the  particular  porphyry  alluded  to 
ia  not  a  trachyte,  for  the  latter  rock  has  hitherto  been  met 
with  associated  only  with  augite  rock,  and  not  with  genuine 
greenstone. 

The  porphyry  of  Equinoxial  America  is  covered  by  a 
formation  of  transition  claydate  passing  into  lalcose  slate, 
in  which  is  situated  the  famous  silver  mine  of  Giianaxuato 
In  New  Spain.  The  thickness  of  this  formation  is  no  less 
than  3000  feet.  It  contains,  as  subordinate  beds,  not  only 
syenite,  but  also  serpentine  and  hornblende  slate.  No  or- 
ganic remains  however,  have  an  yet  been  discovered,     h 
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passes  into  n  siliceous  slate,  which  has  sometimes  the  cha- 
racters of  Lydian  stone. 

This  rock  is  covered  in  Mexico  by  a  second  formation  of 

'  porphyry,  distinguished  by  its  extreme  uniformity,  and  con- 

i   taining  rarely  any  subordinate  beds.     Its  thickness  is  calcu-„ 

lated  by   Humboldt  at  50OO  feet  at  the  least.     Betweei^ 

Acapulco  and  Mexico,  it  appeare  to  be  covered  by  a  forma- 

lion  of  compact  limestone  of  a  bluish-black  colour,  full  of 

large  caverns,  and  a  cane  of  the  same  kind  is  more  distinctly 

I  observed  at  Zumpango,  where  the  order  of  snperpoeilioii' 

seems  to  be  : 

1st.  The  primitive  granite. 
Sd.   Alpine  limestone  (?) 
'  3d.   Granite.  ' 

4th.  Porphyry  with  glassy  felspar,  which  in  one  place  sup» 
ports  an  amygdaloid  of  a  semivitreous  characler,  and  in 
Others  two  different  calcareous  rocks,  both  cellular,  whicl^ 
though  evidently  less  antient  than  that  which  rests  on  tba. 
granite,  are  certainly  not  so  modem  as  the  beds  above  thj 
chalk. 

'  The  rocks  too  in  the  valley  of  Mexico,  which  I  have 
before  observed  to  pass  in  one  place  into  trachyte,  are  covered 
in  another  by  a  calcareous  rock,  which  Humboldt  consider! 
to  be  at  least  as  old  as  the  Alpine  limestone. 
'  On  the  other  hand,  the  limit  to  the  age  that  can  be  assigned 
to  the  metalliferous  porphyry  of  New  Spain,  is  beat  deter- 
mined by  the  appearances  presented  at  Guanaxuato,  when 
it  is  seen  resting  immediately  on  a  transition  slate  wttB 
Lydian  stone,  and  both  rocks  are  alike  traversed  by  the  same 
metalUc  veins.  ,. 

■  This  is  the  very  rock  which  I  have  before  alluded  to  ai> 
possessing  in  many  cases  all  the  characters  of  trachyte,  and 
^et  it  presents  so  many  analogies  to  the  preceding  rockf 
^vhich  are  covered  by  the  older  limestones,  that  Humbold^i 
ranks  it  among  the  transition  porphyries. 
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Below  the  Equator,  between  the  5th  and  8th  degree  of  S. 
latitude,  Humboldt  observed  porphyries  resting  upon  clay- 
alate,  which  he  lias  aet  down,  although  with  doubt,  as  tran- 
sition. 

These  porphyries  have  sometimes  much  the  aspect  of 
basalt,  contain  more  augite  than  felspar,  and  alteinate  with 
beds  of  jasper,  and  of  compact  felspar  having  a.  black  colour 
and  uniform  consistence. 

Al  other  times  the  porphyries  have  less  affinity  to  trachyte, 
aa  al  the  Indian  village  of  San  Felipe,  where  they  are  covered 
by  a  black  shelly  limestone. 


I  have  been  induced  to  enter  rather  more  fiilly  than  I 
should  have  otherwise  done,  into  detiiils  respecting  the  older 
porphyries  and  trachytes  of  America,  more  particularly  as  to 
their  mutual  connexion,  because  the  subject  does  not  ap> 
pear  lo  have  obtained  the  degree  of  attention  here,  which  it 
has  done  on  the  continent,  and  which  indeed  its  importance 
deserves. 

In  every  nation,  an  influence  is  exerted  upon  the  progress 
of  science,  partly  by  the  physical  constitution  of  the  coun- 
try itself,  and  partly  by  the  direction  which  the  inquiries  of 
those  most  distinguished  in  each  particular  department  may 
chance  to  have  taken.  The  former  circumstance  naturally 
aSbrds  ajacililzf,  the  latter  a  popularitt^f  to  certain  subjects 
more  than  to  others. 

Thus  it  is  easy  to  assign  a  reason  for  the  prominence 
which  has  been  given  in  Italy  to  the  phenomena  of  vol- 
canos,  in  Saxony  to  those  connected  with  the  operations  of 
mining,  and  in  England  to  the  structure  of  the  secondary 
formations,  and  the  changes  effected  by  diluvial  action. 

In  like  manner  the  igneous  origin  of  the  older  rocks  has 
been  chiefly  maintained  in  Scotland,  by  an  appeal  to  the 
phenomena  of  granitic  dykes,  which  Hutton  and  Playfair 
brought  into  notice;  and  in  Germany,  by  reference  to  the 
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analogies  between  the  older  and  newer  porphyries,  which 
Humboldt  has  taken  upon  himself  to  investigate. 
.  The  individual  however,  who  wishes  to  take  a  compre* 
liensive  view  of  this  subject,  ought  not  to  neglect  either 
branch  of  the  enquiry,  especially  as  both  require  much  fur- 
ther elucidation,  and  as  the  contradictory  statements  with' 
KBpect  to  them  have  not  yet  in  all  cases  been  explained 
away. 

.  I  hope  therefore,  that  among  the  many  indivtdualii  from 
tiiis  country  who  now  resort  to  the  New  World  with  view* 
either  of  emolument  or  information,  some  may  be  induced 
to  investigate  the  volcanic  phffinomena  which  are  there  pre- 
sented, and  to  such  persons  probably  the  above  statements 

I  may  not  be  without  their  use. 

Should  this  be  the  case,  I  shall  not  repent  having  devoted 

I   a  few  pages  to  the  above  details,  deficient  as  I  am  aware 

,  they  must  be  considered  in  point  of  cleainess  as  well  as  pre- 
^6ton ;  and  shall  even  consider  myself  as  in  some  measure 

I  indemnified  by  the  publication  of  these  Lectures  for  the 
privation  I  have  long  experienced,  in  being  cut  off  by  my 
engagements  at  home  from  the  possibility  of  personally  in- 

'  ^estigating  a  portion  of  the  globe,  so  full  of  interest  to  every 

t  lover  of  nature. 
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GENERAL  REMARKS  ON  VOLCANIC  PHiENOMPNA. 


1*^  Brmvcb  of  TjfE  Inquiry^  viz. 

A  statement  of  the  theories  that  have  been  proposed  to  ex-^ 
plain  the  cause  of  Volcanos — Lemery^s  mode  ofaccount^ 
ingfor  them  refuted^  by  the  want  of  analogy  between 
their  phcenomena^  and  those  arising  from  the  cause  he 
assigned  —  Hypothesis  suggested  by  Sir  H.  Davy^9 
discovery  J  with  respect  to  the  Metallic  Basis  of  the 
Earths  and  Alkalies^. 

Before  considering  this  hypothesis,  it  becomes  necessary 
to  define  what.phcenomena  are  to  be  viewed  as  arising 
from  Volcanos — and  therefore  to  inquire  into  the  cause^ 
1st,  of  Earthquakes;  Sdly,  of  Hot  Springs;  Srdly^  of 
Exhalations  of  inflammable  Gases j  and  '^  Salses*^  or 
Mud  Eruptions. 

The  hypothesis  under  examination  implies  the  access  of 
Water  to  the  seat  of  volcanic  action — hence  favoured  by 
the  general  situation  of  volcanos  in  the  neighbourhood 
of  the  Sea — Exceptions  to  this  rule  considered— in  the 
case  of  active  Volcanos — and  in  that  of  extinct  ones. 

Phcenomena  of  a  Volcano  examined  in  detail — so  far  as 
regards  the  aeriform  fluids  given  out — These  consist  of 
Sulphuretted  Hydrogen,  Sulphurous  Acid,  Muriatic 
Acid,  Carbonic  Acid,  Nitrogen,  and  Steam — Explana* 
tion  of  the  presence  of  these  bodies  agreeably  to  the 
Hypothesis  proposed. 

Structure  of  a  volcanic  mountain  considered,  1st,  in  cases 
where  a  conical  mass  of  Trachyte  has  been  thrown  up — 
2nd,  in  cases  in^which  the  whole  appears  to  be  composed 
of  alternating  strata  of  Lava  and  Tuff. 
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Products  of  an  eruption  considered — lit.  The  Lavas — tkeir 
chemical  properties — heat  at  which  thet/  melt— com- 
position —  miner  alogical  characters  —  accidental  in- 
gredienls — 2nd.  Ejected  masses. 

Origin  of  Trachyte  innestigated,  hy  considering,  ls(,  iti 
position — 2dly,  the  extraneous  substances  imbedded  in  it 
— 3ii/y,  the  crystals  it  contains— ^thly,  its  mineralogical 
and  chemical  characters. 

Depth  at  which  the  Volcanic  processes  lake  place. 

Conclusion  in  favour  of  the  probability  of  the  theory  pro- 
posed— The  phtEnomena  attendant  on  an  eruption,  de- 
ducedfrom  it  in  detail. 

Snd.  Branch  of  the  inquiry,  vis. 

The  relation  between  the  products  of  acknowledged  Vol- 
canos,  and  certain  of  the  older  Rock-formations. 

Analogies  between  Trap  and  Volcanic  rocks — In  minera- 
logical characters — In  chemical  composition. 

Differences  in  mechanical  texture  explained,  by  consider- 
ing the  difference  of  circumstances  under  which  Trap 
Rocks  must  have  been  formed — Their  greater  compact* 
ness  accounted  for — Their  stony  aspect  referred  to  the 
slowness  with  which  they  cooled,  and  this  proved  to  be 
consistent  with  their  submarine  origin. — Differences  in 
these  respects  shewn  to  decrease  in  proportion  as  the 
earth  approached  its  present  condition. 
I  Wolcanic  products  divided  into  three  Classes,  according  to 
the  differences  arising  out  of  the  state  of  the  Earth  kt 
the  period  at  which  they  were  produced. 
[  t^haracters  of  the  first  or  most  modern  class,  formed  since 
the  earth  acquired  its  present  condition — They  are  more 
cellular — more  glassy — ejected  in  general  from  Craters — 
form  streams  of  Lava  narrow  in  proportion  to  their  length. 

Characters  of  the  second  or  intermediate  Class,  formed 
during  the  deposition  of  the  Tertiary  Rocks — Deserip* 
Hon  of  its  Lavas  and  its  Ttiffs — Formation  of  these  Tufft 
explained  by  considering  the  condition  i^f  the  Earth's 
surface  at  the  lime  the  Tertiary  Rocks  were  formed. 
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Third  or  oldest  Class  of  Volcanic  products  considered — 
Their  date  is  antecedent  to  that  of  the  Tertiary  Rocks — 
The}/  hate  been  ejected  through  the  medium  of  D^kes, 
end  not  of  Craters — When  ejected,  form  Beds,  and  not 
Streams — Changes  thej/  produce  in  the  contiguous  rocks 
considered  —  Conversion  of  common  Limestone  into 
Dolomite — Their  products  in  general  more  compact  than- 
those  from  modern  Volcanos — if  cellular,  the  cells  are 
commonlyflled  with  crystalline  matter — seldom  vitreousy 
except  in  thin -Deins — more  commonly  affect  a  prismatic 
structure — are  equally  compact  in  the  upper  and  lower 
parts  of  the  bed — Difference  between  the  Tuffs  belonging 
to  this  and  to  the  second  Class. 

Analogies  between  Trap  and  Granitic  Rocks  considered- 
Arguments  for  and  against  the  igneous  formation  of 
Granite — Origin  of  Serpentine  considered — Question 
with  regard  to  the  existence  of  a  central  heal  examined — 
Sir  A.  Crichton's  arguments  on  that  subject — Evidence 
of  a  central  heat  deducedfrom  statements  with  regard  to 
the  temperature  of  Mines — These  statements  considered. 

Final  causes  of  Volcanos — Conclusion. 


Hatihg  in  my  three  preceding  Lectures  brought  to- 
gether such  facts  with  respect  to  the  phienomena  of  toI- 
ciiaos,  as  my  own  observations  in  the  countries  in  which 
they  occur,  or  the  researches  of  others  were  capable  of 
affording ;  I  conceive  it  will  not  be  altogether  uninterest- 
ing, if  I  proceed  to  lay  before  you  in  ray  present  such  gene- 
ral inferenceSj  as  appear  deducible  from  the  foregoing 
details,  either  with  respect  to  the  cause  of  these  effects^  or 
their  relation  to  the  processes  which  were  conceineil  in 
the  production  of  certain  of  the  older  constituents  of  our 
globe. 

With  respect  to  the  former  of  these  enquiries  (I  mean  tlie 
cause   of   volcanic  phtenomena,)    it   must    be   confessed. 
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timt  our  speculations,  from  the  very  nature  of  the  su^iect^ 
are  involved  in  much  uncertainty,  since  the  processes  we 
undertake  to  consider  are  placed  beyond  the  scope  of-actual 
observation,  and  can  be  conjectured  solely  from  cerliun  of 
their  remote  consequences. 

In  the  case  before  us  too,  the  effects  which  we  survey  are 
often  in  themselves  of  such  a  nature  aa  to  prechide  exami- 
nalion,  so  that  indeed  it  is  chiefly  to  a  review  of  the  minor 
operations,  carried  on  by  a  volcano  during  the  stages  of  'tis 
partial  intermiitence,  and  of  its  subsidence  into  a  state  of 
tranquillity,  that  we  are  indebted  for  any  imperfect  data 
we  may  poasess,  upon  which  to  build  an  hypothesis. 

I  propose  therefore  to  consider  this  part  of  the  enquiry, 
with  as  much  conciseness  as  is  consiHtent  with  a  clear  ex- 
planation of  my  views ;  and  passing  over  many  hypotheses 
which  have  been  advanced  at  various  times  to  explain  the 
nature  of  volcanos,  to  confine  myself  to  the  examination  of 
one  or  two  which  possess  some  shew  of  probability,  and  are 
supported  by  the  authority  of  illustrious  names. 

According  to  the  first  and  moat  antient  of  these,  volcanos 
were  attributed  to  tlie  combustion  of  certain  inHammables, 
similar  to  those  which  exist  near  the  surface  of  the  earth, 
such,  for  instance,  as  sulplnir,  beds  of  coal,  and  the  like; 
and,  in  order  to  account  for  the  spontaneous  inflammation 
of  these  substances,  an  appeal  was  often  made  to  an  ex- 
periment of  Leniery's,  which  went  to  prove,  that  mixtures 
of  sulphur  and  iron,  sunk  in  the  ground,  and  exposed  lo 
the  influence  of  humidity,  would  give  out  sufficient  heat  to 
pass  gradually  into  a  state  of  combustion,  and  to  set  lire  to 
any  bodies  that  were  near. 

His  process  was,  lo  mix  as  large  a  quantity,  as  could  be 
conveniently  had,  of  clean  iron  filings,  with  somewhat  more 
of  sulphur,  and  as  much  water  as  would  make  a  firm  paste, 
to  bury  this  in  the  earth,  (first  wrapping  it  up  in  a  cloth) 
and  to  ram  the  soil  firmly  above  it.  A  mixture  of  this 
kind  in  a  few  hours  grows  warm,  and  swells  so  as  to  raise 
the  ground,     Sulphureous  vapours  make  their  way  through 
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tlie  crevices,  and  sometimes  flames  will  appear.    Rarely  is 
there  any  explosion;  but  when  this  happens,  the  fire  is 
vivid — and  the  heat  and  fire  both  continue  for  some  time,  if  • 
the  quantity  of  materials  has  been  great.* 

Breislac  has  proposed  a  theory  not  very  different  from  the' 
above  ;f  he  supposes,  that  volcanosi  may  arise  from  masses 
of  petroleum,  collected  in  underground  caverns,  set  .on  fire, 
by  some  third  substance. 

He  imagines,  that  the  presence  of  certain  of  the  com- 
binations of  phosphorus  or  even  of  sulphuric  acid  may 
originate  the  combustion,  and  he  appeals  to  the  oonflagrati : 
tions  that  take  place  in  coal  mines,  as  proving  that  bitumin*^ 
ous  substances  are  in  fact  set  on  fire  by  the  presence  of  some 
body  spontaneously  combustible. 

He  shews,  that  petroleum  is  very  abundantly  distributed* 
in  all  parts  of  the  globe,  and  that  it  is  more  particularly 
found  in  the  neighbourhood  of  volcanos,  during  the  erup-* 
tions  of  which  it  is  often  exhaled  in  great  quantities. 

This  hypothesis  however  seeips  to  be  supported  on  much 
the  same  sort  of  evidence  which  has  been  adduced  in  favoui> 
of  the  one  before  alluded  to,  and  is  saddled  by  objectiqns  of 
a  similar  description;  I  shall  therefore  spare  myself  the 
trouble  of  considering  it  apart,  as  the  observations  \  shall 
have  to  make  will  apply  with  equal  fqrce  to  both. 

Another  explanation .  of  volcanic  phapnomepa  has  been 
suggested  by  the  di^cov^rie^  of  Sir  H,  Dayy,  with  respect  tp 
the  metallic  bases  of  the  earths  and  alkalies. 

It  being  now  ascertained,  that  the  solid  constituents  of  our 
globe  all  contain  some  inflammable  principle,  and  owe  their 
present  condition  to  the  union  of  this  principle  with  oxygen; 
it  seems  by  no  means  an  improbable  supposition,  that  at  a 
certain  depth  beneath  the  surface,  at  which  atmospheric  air 
is  either  wholly  or  partially  excluded,  these  substances  may 
still  e^^ist  in  their  pure  unoxydized  state^ 

•  Mem.  de  T  Academic,  1700. 
•f  iQsiit.  Geol.  Vol.  3. 
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Now  if  water  were  at  any  time  admitted  to  tWm  whilst 
in  that  condition,  we  know  from  the  common  principles  of 
chemistry,  thut  a  great  evolution  of  gaseous  matter  must 
take  phice,  and  that  the  combination  of  the  oxygen  of  the 
■water  with  these  inflammables  would  give  rise  to  heat, 
sufficient  to  account  for  the  liquefaction  of  the  surround- 
ing rocks,  and  all  the  other  plisnomena  attendant  on  an 
eruption. 


Such  being  the  opinions  respecting  volcanos,  which  ap- 
pear, at  firat  sight,  to  possess  the  greatest  share  of  prob- 
ability, let  U8  next  inquire  somewhat  more  minutely  into 
the  arguments  that  may  be  advanced  in  their  support. 

And  first  with  regard  to  the  former  hypothesis,  I  may 
remark,  that  it  is  chiefly  favoured  by  the  general  occuirenceof 
sulphur  and  of  gases  containing  it  in  almost  all  volcanos; 
from  whence  it  might  seem  a  natural  inference,  that  on  the 
presence  of  this  substance  the  pha:!nomena  themselves  de- 
pended. Whether  the  same  be  the  case  with  petroleum, 
which  Breislac  regards  as  the  chief  agent  in  the  process, 
will  appear  hereafter;  hut  whichever  of  these  substances 
be  the  cause  of  the  volcanic  operations,  it  will  at  least  be 
admitted,  that  there  would  be  little  difficulty  in  imagining 
means  by  which  either  of  them  might  be  brought  into  a 
state  of  combustion.  Wlien  however  wc  eicamine  more 
narrowly  into  the  analogies  between  the  effects  of  volcanic 
fires,  and  those  which  we  know  to  result  from  the  com- 
bustion of  either  of  these  materials,  we  arc  soon  broaght  to 
confess  the  inadequacy  of  such  an  hypothesis  to  account  for 
the  facts  before  us.  What  resemblance  for  example  do  l)ie 
porcelain-jaspers  and  other  pseudo- volcanic  rocks,  oh  they 
are  improperly  termed,  which  we  observe  in  coal  mines,  that 
have  been  for  centuries  in  a  slate  of  inflammation,  bear  to 
the  lavas  and  the  ejected  masses  of  a  genuine  volcano ;  or 
where  do  we  observe  from  them  the  same  evolution  of  aeri- 
form fluids,  and  of  streams  of  melted  materlab  which  are 
so  characteristic  of  the  latter  ?    The  difl<:rence  would  H})pear 
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elill  more  striking,  if  I  were  lo  enter  into  other  particulai's 
with  respect  to  the  depth  and  geological  position  which 
mustbeasBigned  to  the  seat  of  the  volcanic  action;  but  these 
will  be  more  in  place  at  a  later  period  of  this  Lecture. 

The  remaining  hypothesis  which  I  have  to  consider,  has 
at  least  this  advantage,  that  it  supposes  the  agency  of  bodies 
which  do  not  exiet  in  nature  on  the  surface  of  the  globe ; 
and  this  circumstance  gives  it  at  least  a  superiority  over 
other  explanations,  in  a  case  where  the  phEenomena  to  be 
accounted  for  are  of  a  description  altogether  different  from 
any  that  result  from  other  natural  processes  placed  within 
the  sphere  of  our  observation.  The  individual  therefore 
who  maintains,  that  volcanos  arise  from  the  access  of  water 
to  the  metals  of  the  earths  and  alkalies,  is  exempt  from  the 
necessity  of  pointing  out,  as  the  advocates  of  the  contrary 
hypothesis  ought  to  do,  some  process  going  on  near  the 
surface  of  the  earth,  resembling  in  kind  at  least,  if  not  in 
degree,  the  pheenomena  which  he  attempts  to  explain. 

Now  if  volcanos  have  arisen  from  this  latter  cause,  the 
necessity  of  water  to  excite  the  combustion  seems  to  imply, 
that  they  would  be  met  with  rather  in  nhe  neighbour- 
hood of  the  sea,  than  on  the  elevated  table  lands  of 
extensive  continents;  and  the  existence  of  substances  cap- 
able of  decomposing  that  fluid  indicates,  that  the  process 
must  have  gone  on  at  a  depth  sufficiently  great  to  have  pre- 
cluded the  access  of  air,  which  would  have  long  ago  im- 
parted to  them  the  very  principle,  to  the  absorption  of 
which  the  volcanic  action  is  attributed.  Hence  the  rocks, 
which  appear  lo  proceed  fiom  the  focus  of  a  volcano,  ought 
to  be  derived  rather  from  granitic  and  other  of  the  older 
formations,  than  from  those  of  modern  date;  and  the  gases 
evolved  during  the  process  ought  to  consist,  in  part  at  least, 
of  those  which  we  know  to  be  given  out,  when  water  is 
made  to  act  upon  the  alkaline  and  earthy  bases. 

Tn  order  therefore  to  ascertain  the  degree  of  probability 
belonging  to  this  theory,  I  shall  consider,  first,  the  geogra- 
phic»l  situation  of  volcanos  ;  secondly,  the  character  of  ibe 
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aeriform  fluids  evolved  by  tbem  in  diffie^ent  iBiages  of  adiin 
ity;  thirdly,  the  nature  of  their  lavtis  and  ejected  maaees; 
and  fourthly,  th^  depth  from  whigh  th^y  appear  to  haicr 
emanated. 

Before  however  I  enter  upon  these  questions,  it  is  right 
that  I  should  define  more  accurately  than  has  hitherto  beeo 
done,  what  appearances  are  to  be  considered  as  est^lishiog 
the  existence  of  volcanic  action,  inasmuch  as  the  ickis 
entertained  on  that  head  are  singularly  various  and  inde^ 
finite,  and  thus  have  occasioned  much  of  the  difference  of 
opinion  that  exists  on  these  questions.  Some  for  instance 
are  unwilling  to  admit  earthquakes  as  any  probable  indica* 
tion  of  subterraneous  fire,  whilst  others  not  only  indode 
these,  but  go  so  far  as  to  class  hot-springs,  gaseous  exluda^ 
tions  like  those  of  the  Pietra  Mala,  and  the  eruptions  of 
mud  and  petroleum  commonly  called  ^^  Salses ''  amongst 
volcanic  phapnomena. 

With  regard  however  to  the  first  of  these,  I  apprehend, 
that  those  who  coolly  examine  the  facts  that  have  been 
collected  on  the  subject,  will  scarcely  entertain  any  other 
difference  of  opinion,  than  as  to  whether  their  connection 
with  volcanos  is  universal ;  for  in  some  instances  earth- 
quakes have  occurred  so  immediately  antecedent  ur>on  vol? 
canic  eruptions,  and  are  so  manifestly  derived  from  the  very 
same  centre  of  action,  that  we  want  no  better  proof  to  esta- 
blish an  identity  of  origin. 

In  other  cases  the  evidence,  though  not  quite  so  direct,  is 
perhaps  as  cogent  as  can  be  obtained  in  most  questions  of 
this  description. 

When  fo?:  instance  we  observe  two  volcanic  districts,  both 
subject  to  earthquakes,  which  are  ascertained  to  have  a  con» 
nection  with  the  volcanic  action  going  on,  and  find  that  an 
intermediate  country,  in  which  there  are  no  traces  of  the 
operation  of  fire,  is  agitated  by  subterraneous  convulsions, 
similar  in  kind,  but  stronger  in  degree  than  those  which 
occur  in  the  more  immediate  vicinity  of  the  volcanos  •  have 
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we  not*  reason- to  conclude,  tbat  the  same' action  extends 
throughout  the  whole  of  the  above  space,  and  that -it  is 
this  which  produces  in  the  intermediate  coiintry  the  effects 
alliided  to,  which  are  only  the  more  alarming  from  the 
absence  of  any  natural  outlet,  from  which  elastic  vapours 
might  escape  i 

Now  in  proof  of  the  former  of  these  positions,  it  may  be 
scarcely  necessary  to  do  more  than  appeal  to' the  case  of 
Etna  or  Vesuvius,  which  rarely  return  to  a  state  of  activity, 
after  a  long  interval  of  comparative  quiescence,  without  some 
antecedent  earthquake,  which  ceases  bo  jsoon  as  the  moiin- 
taih  has  established  for  itself  a  vent.*  Such  was  the  case 
before  the  celebrated  eruption  of  79  in  Campania,  and  in  that 
oflStnain  1537,  where,  Bays  Fazzello,  noises  were  heard, 
and  shocks  experienced,  ov^r  the  most  distant  parts  of 
Sicily.  In  such  cases  no  one  would  doubt  the  connection 
between  the  volcano  and  the  earthquake*    - 

*  Humboldt  gives  us  the  following  series  pf  phsBoomena,  which  presented 
tfiemselves  on  the  American  Hemisphere  betweeh  the  years  1796  and  97,  as 
well  asbetween  1811  and  1812. 

1796. — September  197^    E^ptipn   in  the    West  India  Isli^qds;    volcano  of 

Guadaloupe  in  activity. 

November The  volcano  of  Pasto  begins  to  emit  smoke. 

......  December  14.    Destruction  of  Cumana  by  earthquake. 

1797. — ^February    4.    Destruction  of  Riobamba  by  earthquake. 

1811. — January  30.     Appearance  of  Sabrina  Island  in  the  Azores.     It  in-» 

creases  particularly  on  the  15th  of  June. 
.....;  May.*. ....  •  ^  •  Beginning  of  the  earthquakes  in  the  Island  of  St.  Vin* 

cent,  which  lasted  till  May,  1812. 
• December  16.    Beginning  of  the  commotions  in   the  valley  of  the 

Missisippi  and^hio,  which  lasted  till  1813. 

December.  . .  Earthquake  at  Carracas. 

1812.— March  26.  ..  Destruction  of    Caracpas;    eartfiquakes  -which   coiw 

tinued  till  1813. 
April  30.  •  • .  •  Eruption  of  the  volcano  in  St,  Vincents* ;   and  the 

same  day  subterranean  noises  at  Caraccas,  and  on 

the  banks  of  the  Apure. 

Pers.  Narr.  Vd.  IV, 

Sec  also  Gemellaro  on  the  Meteorological  Phaenomenft  of  M6unt  Etna,  ex- 
tracted in  the  Journal  of  Science.  Vol.  14.  1813. 
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The  second  point  seeioi  established,  hj  r  i—ktering  dw 
tiemendout  earthquakes  which  ravBged  Calabria,  and  Umib 
mentioiied  by  Humboldt  as  interremng  between,  and  in  dM 
line  of^  the  vcdcanos  of  Columbia^  Quito,  ftud  Chili*  Ym 
Buch  has  well  shewn,  in  his  fiaper  on  Lancevote,  theem* 
parative  immunity  enjoyed  by  Teneriffe  frofn  those  coo* 
Yulsions  of  nature  which  agitate  the  neighbcnuiixg  iiittaAiy 
destitute  of  that  great  natural  chimney  or  n^fiety  wdw 
afforded  by  the  Peek  of  Teyde. 

If  it  be  objected,  that  earthquakes  are  too  general  to  b 
referred  to  this  one  causey  I  may  answer,  that  the  fffeo&A 
ing  details  haTe  shewn  volcanoe  to  be  phasnomena,  whick 
(taking  in  those  extinct  as  well  as  recent)  are  seen  in  ahioil 
every  part  of  the  globe  that  borders  upon  the  sea,  and  Ait 
earthquakes,  like  volcanos,  though  felt  undoubted  eia 
in  the  centre  of  large  continents,  seem  to  produce  thdursMXl 
frightful  effects  in  countries  not  very  far  removed  ihffi  tk 
ocean. 

Thus  the  most  tremendous  instances  that  we  read  of  an 
those  of  Lisbon,  where  tmces  of  antient  lavas  are  discoT0r« 
able,  Asia  Minor  near  the  Catacecaumency  and  the  Caraccas 
situated  between  the  volcanos  of  the  Antilles  and  those  of 
Columbia. 

Dr.  Stukeley,*  who  wrote  on  the  causes  of  earthqut^ 
about  the  middle  of  the  last  century,  at  a  time  when  tbe 
physical  geography  of  the  globe  was  much  less  generally 
explained,  might  have  reason  for  believing  that  voicanos 
are  too  rare  to  account  for  a  phaenomenon  so  general  as  thst 
which  formed  the  subject  of  his  enquiry;  but  at  present  tbis 
at  least  hardly  can  be  said  to  furnish  an  objection,  especi- 
ally when  we  recollect  the  vast  distances,  to  which  sooikI 
and  other  vibratory  motions  may  be  propagated  along  tbe 
substance  of  solid  bodies,  and  therefore  are  not  obliged  to 
place  the  seat  of  the  action  at  that  vast  depth  at  which  Dr* 
Stukeley  imagines  it  must  reside,  considering  the  radius  ottf 
which  its  effects  are  perceived. 

•  Phil.  Trans,  for  1750. 
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Gay  LuBsac*  observes,  that  the  shock  produced  by  the 
bead  of  a  pin  at  one  of  the  ends  of  a  long  beam,  is  distinctly 
transmitted  to  the  other  end,  and  Dr.  Young  has  com- 
pared an  earthquake  to  an  undulation  in  ihe  air,  propa- 
gated along  the  solid  mass  of  the  earth.t  Now  if  the  shock 
caused  in  a  substance  like  air  is  capable  of  tshaking  build- 
ings, how  much  more  tremendous  must  be  that  propagated 
through  the  compact  strata  of  the  earth,  in  consequence  of 
the  impulse  occasioned  by  elastic  vapours  struggling  to 
escape.  Without  enquiring  therefore  whether  it  be  possible 
that  eai'lhquakes  may  in  some  cases  be  produced  by  other 
means,  I  think  it  njay  be  fairly  contended,  that  where  wc 
llnd  them  accompanying  volcanic  phcenomena,  or  occurring 
in  countries  bordering  upon,  or  plnced  between,  mountains 
that  indicate  the  action  of  lire,  we  have  reason  to  conclude 
them  to  be  dependant  on  the  same  cause,  and  that  we  may 
in  such  cases  appeal  to  them  as  indications  of  the  extent 
and  direction  of  the  processes  themselves. 

With  regard  to  Hot  Springs  the  case  seems  t^omewlmt 
different ;  lor  whilst  we  know  of  no  earthquake  upon  record, 
which  may  not  with  some  shew  of  probability  be  referred  to 
the  actionof  it  volcano,  there  are  many,  in  which  hot  springs 
iqjpeaj  independent  of  such  a  cause. 

I  am  aware  indeed  that  even  those  of  Bath  andofBuxLon, 
have  been  attributed  to  volcanic  action ;  X  but  the  fact,  that 
ihey  spring  up  in  strata,  which  are  very  remote  in  geological 
position  IVom  the  rocks  amongfit  which  volcanos  have 
hitherto  been  known  to  occur,  seeius  to  shew,  that  we  must 
look  for  other  causes  of  a  more  local  nature.  I  shall  not 
anticipate  the  observations  which  I  propose  to  make,  when 
speaking  of  the  temperature  of  ntines,  further  than  to  re- 
mark, that  the  lias  from  which  the  Bath  waters  are  tlu-own 
out,  and  the  mountain  or  carboniferous  limestone,  in  which 

•  Edinb.  Phil.  Journ.    Vol,  IX.  r-  -'9- 

+  See  Dr.  Young's  NaWral  PliiloKiphy.  Vol.  1.  p.  IIT. 

t  SKBakLweU'iiUealoey.  p.  300. 
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ihose  of  Buxton,  Matlock,  and  Clifton  occur,  both  contnin 
iron  pyrites,  and  other  sulphureta,  wliicti  give  out  doriDg' 
their  decomposition  a  pretty  considerable  heat. 

The  steady  temperature  preserved  by  these,  as  well  as  nil' 
other  hot  springs,  though  somewhat  perplexing,  offers  n»- 
nrgumeiit  in  favour  of  the  volcanic  theory;  it  probably 
juises,  not  from  the  perfect  uniformity  of  the  process  itself, 
but  from  the  circumstance  of  the  heal  being  produced  at  a 
considerable  depth.  Its  cause,  in  short,  is  the  same  as  that' 
of  the  equable  temperature  of  springs  in  general,  which, 
notwithstanding  the  constant  vicissitudes  in  the  climate  oP 
the  country  in  which  they  occur,  always  remain  at  the' 
medium  point,  the  excess  of  heat  at  one  period  of  the  year* 
being  balanced  by  the  deficiency  at  the  other. 

Yet  though  I  am  disposed  to  be  sceptical  with  regard  to' 
the  volcanic  origin  of  hot  springs  that  appear  in  the  newer' 
rock  formations,  in  parts  far  remote  from  any  other  indica- 
tion of  subterranean  fire,  I  am  fully  aware,  that  in  the  great 
majority  of  instances,  the  geological  position  of  these 
waters  will  be  found  to  be  either  nearvolcanos  active  of 
extinct,  or  else  amongst  rocks  of  a  granitic  character. 

In  the  former  case,  it  is  certainly  most  natural  to  attribute 


them  to  the  volcanic  action,  which  is  either 


goui. 


on  at  the 


lime,  or  which,  though  extinct,  still  continues  to  aflect  the 
temperature  of  the  rocks  which  it  pervaded;  and  there 
are  not  wanting  reasons  for  believing,  that  in  some  instances, 
at  least,  the  heat  of  springs  arising  in  primitive  districts  may 
arise  from  the  same  cause.  Thus  the  frequency  of  earth- 
quakes among  the  Alps  lends  colour  to  the  opinion  of 
Von  Hoff,  that  volcanic  action  may  have  been  going  on 
beneath  that  chain,  though  it  has  been  prevented  from 
manifesting  itself  by  the  vast  mass  of  superincumbent 
rock,  and  thus  has  broken  out  only  at  some  distance  on 
either  side,  as  in  Auvergne,  in  the  Vicentin,  and  near  the 
Lake  of  Constance.  Now  if  this  be  admitted,  the  hot 
springs  which  gush  out  among  the  Alps  may  be  attributed 
to  this  volcanic  action,  prevented  by  ihe  cause  above  as- 
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signed  from  exhibiting   here   more  decided   marks  of  its 

presence. 

,    The  same  explanation  may  apply  to  the  warm  springs 

that  urise  at  the  fool  of  the  Pyrenees  and  in  some  other 

localUiea,  for  there  also  we  observe  indications  of  volcanic 

action  al  some  distance  from  the  chain,  as  in  the  Vivaraia 

and  Cevcnnes  on  one  side,  and  in  Catalonia  on  the  other, 

I  have  before  alluded  *  to  the  line  of  basaltic  rocks  which 
stretches  across  Germany,  and  stated  at  the  same  time,  that 
the  shocks  of  earthquakes  are  most  conmion  in  the  same 
direction  as  that  of  these  masses,  and  round  a  certain  dis- 
tance on  either  side  of  the  hne  in  which  they  occur.    It  adds 
somewhat   to  ihe  probabilities  in   favour  of  the  volcanic 
origin  of  hot  springs,  that   they  are  found  to  accompany 
these  basalts  throughout  the  whole  of  their  extent.     It  is 
also  a  curious  circumstance  (for  the  knowledge  of  which  [ 
an]  indebted  to  another  of  the  publications  of  the  same 
'     author,  who  has  supplied  me  with  the  facts juststated), that 
\    -the  existence  of  hot  springs  seems  in  some  instances  to  be  a 
'■     preservative  against  earthquakes.  Thus  whcnin  January  and 
I     -February  1824,  earthquakes  extended  from  the  foot  of  the 
I      Saxon  Mountains  to  the  Circle  of  Elnbogen  In  Bohemia, 
■the  shocks  were  never  felt  nearer  than  two  miles  to  the  hot 
BpTings  of  Carlsbad. 

■  Tile  coiTespondence  too  in  chemical  composition  amomr 
the  ingredients  of  the  hot  springs  met  with  in  volcanic  dis- 
'  tricts  leads  to  the  idea  of  a  similarity  of  origin,  and  as  the 
same  constituents  seem  to  exist  in  many  of  those  found 
among  granitic  mountains,  we  might  be  induced  to  extend 
to  them  also  the  same  inference.  Thus  it  has  been  shewn 
in  an  interesting  volume  just  published  by  Dr.  Bischof^ 
Professor  of  Chemistry  at  the  University  of  Bonn,+  that 
carbonate  of  soda  saturated  with  carbonic  acid  gas  is  a 
common  ingredient  in  nil  these  waters,  that  it  exists  in 
those  nei\r  the  Lake  of  Lasch  and  the  Siebengebirge  on  the 

•  See  my  Fiitt  Leclure.  p.  89. 

+  Die  VuIkanUchen  Mineral  quelle  □  DeuUchlunds  und  Franki-oictli.   Bonn. 
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Rhine ;  among  the  volcanic  mountains  of  llie  West«rwald 
and  the  Taun\is;  in  those  of  the  Habichtswald,  Meisener, 
Vogelsgebirge,  and  Rliongebirge ;  amongst  similar  rocks  id 
tte  Fichtelgebirge  and  Erzgebirge;  in  those  of  Bohemia; 
lind  in  the  midst  of  the  Giant  Mountains  of  Silesia.  Hs 
further  shews  that  similar  springs  exist  in  Aiivergne,  th« 
Vivarais,  and  in  the  Pyrenees,  and  conceives,  that  the  same 
.remark  applies  to  the  mineral  waters  of  Hungnry,  Spain, 

'  pud  Great  Britain. 

1  have  before  stated  the  exceptions  that  I  should  wisk 
to  make  to  the  admission  of  any  such  theory ;  but  wbilst  I 

r  ,avoid  indulging  in  a.  hasty  spirit  of  generalization  with  re- 
..j^pect  to  the  cause  of  hot  springs,  I  cannot  help  regnrdiiig 
the  fact,  that  the  mineral  alkah  is  so  commonly  present  ia 
Java,  in  basalt,  and  in  all  the  products  of  volcanos,  an  argu- 
pient  in  favour  of  the  similar  origin  of  such  hot  springs  aft 
agiee  in  possessing  this  as  a  principal  ingredient. 

Still  more  doubtful  is  the  evidence  of  volcanic  action 
fifibrded  by  those  gaseous  exhalations,  which  occur  in  cer- 
tain countries  accompanied  with  eruptions  of  mud  and 
petroleum.  That  they  are  commonly  connected  with  voU 
canos  I  am  not  disposed  to  deny,  but  they  appear  to  be  so 
only  in  the  relation  of  an  effect,  produced  by  the  existence 
of  Inflammable  materials,  brought  together  by  the  opera- 
tions of  a  pre-existing  volcano.  That  the  process  itself 
is  distinct  from  that  which  takes  place  in  the  latter,  U 
evident,  from  considering  that  in  every  case  in  which  it 
]ias  been  examined,  the  seat  of  the  action  is  found  to 
be  quite  superficial,  and   to  reside  in  a  stratum  of  very 

,  recent  origin,  known  to  be  strongly  impregnated  with  sul- 
phur and  petroleum.  Such  is  the  case  at  Macaluba  io 
Sicily,  where  the  mud  volcanos,  as  they  are  called,  lie 
quite  detached  from  the  true  volcanic  phcenomena  of  ^tna 
or  of  the  Val  di  Noto,  and  seem  manifestly  dependent  oa 

.  the  combustion  of  the  sulphur  which  exists  there  in  such 
large  quantities.     The  same  is  likewise  the  case  with  the 

;  "Salaes"  of  Modena,  which  lie  at  a  great  distance  from 
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every  real  volcano,  and,  if  we  believe  Humboldt,  witli  tliose 
of  New  Andalusia,  and  tlie  Island  of  Trinidad. 

Even  therefore  if  we  were  disposed  to  admit  the  nld 
theory,  which  attributes  volcanic  phtenoniena  to  the  com- 
bustion of  sulphur  or  beda  of  coal,  we  must  still  distinguish 
between  tlie  latter  and  the  phfenomena  now  under  consi- 
deration, since  it  is  evident  that  true  volcanos  are  far  more 
deeply  seated,  and  productive  of  eftects  different,  not  only  in 
degree  but  in  kind,  from  those  of  Max:aluba  and  similar 
places. 

Nor  need  ve  be  embarrassed  by  the  occurrence  of  these 
appearances  so  generally  in  the  neighbourliood  of  true  vol- 
canos, since  it  is  well  known  thai  the  latter  are  constantly 
giving  out  inflammable  materiah,  which  may  readily  become 
the  cause  of  Air  Volcanoa.  1  have  remarked  in  a  fonner 
part  of  this  essay,  that  the  formation  in  which  the  processes 
going  on  at  Macaluba  reside  contains  the  very  materials, 
which  are  commonly  found  within  the  crater  of  a  half- 
extinguished  volcano ;  and  hence  it  may  be  conjectured, 
that  the  latter  have  been  accumulated  at  former  periods  of 
the  earth  in  submarine  solfataraa,  caused  by  that  volcanic 
action  which  the  lavas  of  the  Val  de  Nolo  prove  to  have 
existed  in  Sicily,  long  before  the  earth  acquired  its  present 
condition,  or  Mount  Etna  began  its  eruptions. 

Restricting  myself  to  the  consideration  of  such  pheno- 
mena as  correspond  with  the  above  conditions,  I  shall  pro- 
ceed to  consider,  whetlier  any  thing  can  be  collected,  from 
the  situation  of  those  countries  which  afford  indications  of 
volcanic  action,  favourable  to  this  or  that  hypothesis. 

From  the  list  of  active  volcanos  given  by  Mons.  Gay 
LussaCj  it  appears  that  there  are  no  less  than  163  in  di&reat 
parts  of  ttie  globe,  and  amongst  these  there  is  this  striking 
coincidence,  that  all,  with  a  very  few  exceptions,  are  situated 
_within  a  short  distance  of  the  sea. 
-  The  exceptions  are,  some  of  the  American  volcanos,  and 
■  two,  which  can  hardly  be  considered  as  fully  as- 
fftainecl.  in  tlig  centre  of  Tartary. 
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With  regard  to  the  Tolcanos  of  the  Asiatic  Continent, 
it  may  be  observed,  that  even  granting  their  existence 
(which  is  by  no  means  proved)  we  are  not  sure,  that  thef 
may  not.  be  in  the  vicinity  of  some  of  those  lakes  of  sah 
water  which  are  scattered  over  the  vast  table^land  of  centnl 
Tartary ;  so  that,  with  only  a  slight  modification,  the  sane 
general  remark  will  hold  good,  namely  that  all  groups  of 
volcanic  hills  are  in  the  neighbourhood  of  lai^  massei  of 
salt  water  in  one  part  or  another. 

With  respect  to  the  American  volcanos^  it  may-  be  ob* 
seryed,  that  even  those  which  lie  inland  make  a  part  of  Ulb 
similarly  constituted,  the  extremities  of  vrhich  are  close  to 
the  868; ;  and  that,  as  we  have  reason  to  believe  a  snb* 
tenm^afX  communication  to  exist  between  all  the  membeis 
pf  the  series,  it  is  highly  probable,  that  the.  water  may  bi 
its  way  even  to  the  remotest  parts  of  the  chain. 
.  ThipL  is.  the.  case  with  Jorullo  in  Mexico,  which,  thcHi^ 
itself  no  less  than  forty  leagues  from  the  nearest  ocean,  bong 
in  the  midst  of  the  table-land  of  Mexico,  seems  nevertheless 
connected  with  the  volcano  of  Tuxtla  on  the  one  hand,  and 
that  of  Colima  on  the  other,,  the  one  bordering  on  the 
Atlantic,  the  other  on  the  Pacific  Ocean.  This  communi- 
cation is  rendered  probable  by  the  parallelism  that  exists 
between  these  and  several  volcanic  hills  intermediate.*  The 
same,  I  believe,  will  be  found  to  be  the  case  with  regard  to 
other  similarly  constituted  hills  in  the  western  hemisphere; 
so  that,  if  we  view  the  volcanos  of  Guatimala,  Columbia, 
and  Chili,  as  constituting  so  many  distinct  groups,  con- 
nected with  each  other  by  subterranean  communications, 
we  shall  find,  I  believe,  that  they  are  all  in  the  vicinity  of 
the  ocean  in  one  quarter  or  another. 

Even  those  who  are  sceptical  with  respect  to  the  sup- 
posed communication  between  the  several  members  of  the 
same  chain,  must  admit,  that  it  is  a  very  remarkable  feet, 

•  See  the  Map  of  Mexico  attached  to  this  volume* 
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and  one  that  ought  not  to  be  overlooked  in  any  theory 
whi  ch  professes  to  account  for  the  phsenomena  of  volcanos, 
that  whilst  the  number  of  those  in  a  state  of  activity  is  no 
less  than  163,  the  greater  pait  should  exist  in  islands  and 
maritime  tracts,  and  that  the  whole  extent  of  some  of  our 
continents  should  present  not  even  a  Testige  of  such  ap- 
pearances,* 

It  may  indeed  be  objected  that  this  remark  does  not  ex- 
tend to  the  class  of  extinguished  volcanos,  which  have  no 
such  disposition,  but  are  scattered  indiscriminately  over  the 
central  region  of  France,  Silesia,  Bohemia,  Hungary,  Tran- 
sylvania, in  parts,  in  short,  the  most  remote  from  the  access 
of  the  present  ocean.  But  it  will  appear  in  the  course  of 
this  Lecture,  that  at  the  period  when  these  volcanos  were 
in  activity,  the  greater  part  were  near  the  sea,  if  not  under- 
neath it,  and  tliat  the  rest  were  exposed  to  the  access  of 
vi'ater,  derived  from  the  lakes,  which  had  been  left  in  the 
low  situations  when  the  mass  of  the  ocean  had  retired. 
Instead  therefore  of  these  being  brought  forward  as  excep- 
tions to  the  generality  of  the  rule  laid  down,  the  cessation 
of  the  action  now  that  the  water  has  left  their  neighbour- 
hood seems  to  furnish  a  confirmation  of  it. 

But  as  our  hypothesis  merely  implies  the  presence  of 
water  as  subservient  to  the  volcanic  operations,  it  may  yet 
be  asked  why  the  existence  of  volcanos  should  be  con- 
fined to  the  neighbourhood  of  the  sea,  whilst  this  fluid 
is  so  generally  present  on  the  face  of  our  continents. — 
If  the  crust  of  the  earth,  it  may  be  said,  is  so  traversed 
by  cracks  and  fissures  beneath  the  bed  of  tlie  ocean,  as  to 


'  Thei 
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Thus 


narted  the  GRme  thing  v 
Macrobiiuin  Somn.  Scip,  lib.  8,  c.  10,  mi¥«, 

didi^mat  huiDore  DUlririt"  and  Ju>^tin  lib.  4.  cud  imtio.  Acceauui  vicim,  ei 
perpelui  £■□«  nwatis  igaes,  el  insularum  ^oliduin,  veluli  ipFis  uadis  alatur 
loceodiiirn.  Neque  enim  in  lam  HnguHtifl  terminlv  nliler  durmre  tot  Afflculiii 
Untus  ignia  patuiBSel,  niai  huinariB  nulrimentis  alirelur.  He  iherefore  *up- 
poaea  Ihe  water*  to  be  sucked  up  by  CliarylKlii),  and  thence  trsnsmitled  to  the 
volcclio  which  Ihey  nouriBh.  Eadeia  cauna  eliam  JEtuw  montia  prrpetuca 
ignu  facil.  Nam  aqiianim  ille  coiicuraiis  raplum  -u-'cum  apiritum  in  imuin 
lundum  trahit,  stque  ibi  suffocatum  lamdiu  ' 
difTuaus,  uiitrimenM  ignii  laceadut." 
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&II0W  of  water  penetrating  to  a  great  depth  below  its  sur- 
face, the  same  will  liold  good  with  respect  to  the  land;  and 
any  of  our  fi-eahwater  lakes  or  rivers  might  therefore  supply 
rlUaterials  sufficient  to  feed  the  lirea  of  a  volcano. 

But  it  may  be  replied,  that  in  point  of  fact  the  fissures 
that  penetrate  the  crust  of  the  earth  are  too  small,  and  too 
• '  superficial,  to  allow  of  the  descent  of  any  considerable  body 
r Df  water  to  its  nucleus,  and  that  the  same  would  probably 
rbe  the  case  with  respect  to  those  underneath  the  bed  of  the 
ocean,  were  not  the  force  of  gravity  assisted  by  the  power- 
_  ,fiil  influence  of  pressure  derived  from  the  vast  column  of 
r.. Superincumbent  fluid.  Owing  to  this,  the  water  at  the 
I  Wttom  of  the  ocean  would  be  injected  into  the  remotest 
rpores  and  crevices  of  the  subjacent  rock,  as  quicksilver  is 
Fjnade  to  pass  into  the  finest  vessels  by  a  powerful  syringe, 
[  and  the  enormous  strain  exerted  laterally  would  have  a, 
'  tendency  to  enlarge  and  extend  the  fissures  much  beyond 
^  itheir  original  dimensions. 

Tliis  joined  to  the  fact,  that  the  water  at  the  bottom  d 
FAie  sea  has  a  much  smaller  mass  of  rock  to  get  Ihrougbf 
'  before  it  reaches  the  intlammable  materials  upon  which  it 
exerts  its  action,  may  account  for  the  occurrence  of  vol- 
r  canos  in  its  vicinity,  jvithout  imagining  that  the  salt  it  COQ* 
[  tains  contributes  in  any  degree  to  the  effect. 

Mons,  Gay  Lussac,  in  a  short  Essay  which  he  has  pub*'- 
'Kshed  on  this  subject,*  has  remarked,  that  it  should  seem 
r  according  to  this  hypothesis,  that  the  eruption  ought  to 
f  take  place  through  the  same  aperture  by  which  the  wate^ 
r  entered,  rather  than  by  a  new  one,  and  that  jets  of  leva,  aa 
^■well  as  of  gases,  and  scoria:,  ought  therefore  to  take  place 
fat  the  bottom  of  the  ocean,  rather  than  on  the  adjacent 
J  coast. 

But  this  illustrious  chemist  has  surely  forgotten,  that  as ; 
I  tte  specific  gravity  of  lava  can  hardly  be  considered  more 
F^han  three  times  that  of  water,  the  pressure  of  an  ocean 
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only  two  miles  in  depth  would  counterbalance  that  of  a 
column  of  lava  sufficiently  high  to  reach  to  the  summit  of 
Vesuvius.  When  the  volcanic  action  therefore  took  place, 
either  at  a  great  distance  from  land,  or  where  the  incum- 
bent strata  opposed  a  resistance  too  great  to  be  overcome, 
the  caae  supposed  by  Gay  Lussac  would  actually  occur, 
and  the  products  of  the  eruption  would  be  thrown  out  by 
the  Tery  aperture  which  admitted  the  water;  but  where, 
as  is  more  commonly  the  case,  the  pressure  of  so  vast  a 
body  of  liquid  proved  superior  to  the  resistance  of  the 
rock  above,  joined  lo  the  weight  of  the  lava  itself,  the  phse- 
nomena  would  manifest  themselves  at  the  nearest  point  of 
the  coast  which  yielded  to  the  force  applied. 

It  must  be  added  likewise  that  the  original  aperture  would 
be  obstructed  by  the  operations  of  the  volcano  itself,  first  by 
the  rise  of  the  gases  disengaged  by  the  decomposition  of  the 
water;  secondly  by  the  expansion  in  the  rocks  immediately 
surrounding  the  place  in  which  the  action  resided;  and 
thirdly  by  the  injection  of  melted  lava  into  the  minutest 
crevices  of  the  rock. 

Granting  therefore  the  existence  of  the  inflammable  sub- 
stances themselves  at  the  spots  in  vrhich  the  volcanic  action 
resides,  it  is  not  difficult  to  account  for  their  being  set  on 
fire  in  consequence  of  the  water  so  constantly  present. 

It  only  therefore  remains  to  be  seen,  whether  the  phse- 
nomena  attendant  upon  an  eruption  are  of  such  a  nature, 
as  would  result  from  the  cause  assigned. 

The  most  constant  and  essential  phenomenon  of  an 
active  volcano,  is  the  evolution  of  certain  aeriform  fluids, 
which,  forcing  themselves  a  passage  through  the  incumbent 
strata,  carry  up  with  them  whatever  comes  within  the  sphere 
of  their  violence,  thus  giving  rise  to  ejections  of  stones,  of 
ashes,  and  even  of  water. 

To  determine  the  chemical  nature  of  these  gases,  and  to 
ascertain  by  an  extensive  induction  of  particulars,  which  of 
them  are  to  be  considered  essential,  and  which  as  arising  out 
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of  the  accidents  of  eacli  particular  volcano,  would  be  agreat 
step  towards  a  knowledge  of  this  subject,  and  enable  us  to- 
speculate  with  some  degree  of  confidence  with  respect  to  the 
cause  of  tliephjenomena  themaelves. 

With  a  view  lo  ibis  object,  I  condensed  a  portion  of  the 
vapour  given  off  round  the  crater  of  the  Island  of  Volcanoy  . 
as  well  as  near  that  of  Etna,  and,  by  the  kindness  of  my, 
friend  Mr.  Herschel,  assisted  by  Signer  Covelli  of  Naples^ 
became  possessed  of  a  similar  quantity  from  the  Solfalara  of 
Puzzuoli. 

These  I  have  never  indeed  submitted  to  an  accurate  che"»- 
mical  examination,  but  I  have  satisfied  myself  as  to  the 
existence  in  that  from  the  Solfatara  of  sulphuretted  hy- 
drogen, and  in  that  from  Volcano  of  sulphurous  acid, 
whilst,  as  was  to  be  expected,  the  sulphurous  acid  could  not 
be  detected  in  the  foiTner,  nor  the  sulphuretted  hydrogen  ia 
the  latter. 

These  results  were  in  strict  conformity  with  what  might 
anticipated  from  the  sensible  properties  of  the  vapours  a£  i 
the  time  I  visited  these  spots. 

I  was  disappointed  however  in  finding,  that  although  the 
interior  of  the  crater  of  Mount  Etna,  which  was  at  the  time 
of  my  visit  inaccessible,  seemed  fully  charged  with  sul- 
phurous acid,  the  vapour,  which  I  condensed  from  the 
spiracles  on  its  exterior,  consisted  of  water  with  a  trace  merely 
of  muriatic  acid. 

The  latter,  either  in  a  free  state,  or  combined  with  am- 
monia, was  present  also  in  the  condensed  vapours  froni' 
Volcano  and  Solfatara,  but  in  every  case  the  proportion  waa 
so  small  as  to  be  scarcely  appreciable.  . 

Such  were  the  gases  given  out  from  these  three  Tolcaaoh- 
during  what  may  be  termed  their  quiescent  state,  and  it 
appears  from  MonticeUi  and  Covelli's  account,  that  the  case 
may  be  considered  us  nearly  the  same  at  Vesuvius. 

During  an  eruption  however,  it  would  seem  that  muriatic 
acid  is  given  off  in  much  larger  proportion,  visible  in  those 
white  fumes  which  .rise  so  copiously  at   the   commence-, 
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ment;*  and  various  muriatic  salts,  particularly  those  of  soda 
and  ammonia,  are  generally  found  in  great  abundance  in  the 
cavities  of  the  lava.  Common  salt  indeed  has  been  extract- 
ed by  Monticelli  in  the  pi-oportion  of  9  per  cent,  from  lava 
by  simple  washing,  and  sal  ammoniac  is  sublimed  in  such 
quantities  ati  in  some  instances  to  become  an  article  of  com^ 
merce. 

If  we  proceed  to  other  volcanas,  we  shall  find  siilphut: 
combined  either  with  oxygen  or  hydrogen,  itlaiost  aa  uni^ 
Teraal  occuirence. 

Thus  it  is  noticed  at  Guadaloupe,  in  the  Azores,  in  the 
Isle  of  Bourbon,  in  Java,  in  the  Sandwich  Islands,  irt 
Kamschalka,  in  short  the  presence  of  sulphureous  vapoury 
may  be  regarded  almost  as  one  of  the  chaiacteri sties  of  a 
genuine  volcano, 

Humboldt  has  given  an  interesting  account  of  a  streunj 
derived  from  the  extinct  volcano  of  Purace,  near  Popayan, 
between  Bogota  and  Quito,  which,  from  its  acid  qualitieB,  1 
is  called  Rio  di  Vinegro,  or  Vinegar  River.  These  watei's 
are  found  to  destroy  the  Hsh  in  the  river,  ii^to  which  they 
empty  themselves,  for  some  distance,  and  it  was  found  that 
persons,  who  remain  some  time  in  the  neighbourhood  of  the 
cascades  formed  by  the  river,  experience  a  smarting  and 
pain  in  the  eyes,  fron^  the  effect  of  the  minute  spray.  The 
analysis  made  hy  M.  Rivero  of  lliis  water,  gave  per  lit^e 
(2.113  pints)  sulphuric  acid  lfi.C8  grains;  muriatic  acid 
g.84;  alumine  3.7;  lime  2.47*1  and  some  indications  of 
iron. 

Sulphurous  acid  wag  exhaled  in  great  quatititics  from  the 
crater  itself,  which  was  covered  by  a  crust  of  very  pure 
sulphur,  18  inches  in  thickness,  broken  open  on  the  northern, 
side,  through  which  the  vappura  issued. 

"  Is  nol  thii  what  Livy  refer*  W,  when  ho  speaka  of  clouds  of  wool  being 
leeo  to  rise  from  the  ground  al  PtivernuraJQow  Pipetno),  Priieriii  litna  (luUa 
terrt  enat%|^lii.  o.  8.  Juliua  ObEfequena  notices  a  Hmilar  plnfinomeiioD  at 
PrsopBle  (rUentrinii)  e.  140— and  c.  SO.  It  U  prababte,  that  Ilia  rvolution 
eiUtur  of  inurialie  aeid  at  of  muiiale  of  unmonia,  gave  rine  to  this  miituke. 
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Within  the  crater  is  a  lake,  the  walars  of  which  w» 

found  to  be  saturated  with  sulphuretted  hydrogen.  -Vbm^ 

bohlt  thinks  it  probable,  that  the  crust  of  sulphur  nfoa 

from  the  mutual  action  of  this  gas  with  the  sulphuropi  ad 

so  largely  present.    The  rock  itself  is  a  semivitieQttSitniclqfU^ 

of  a  bluish  grey  colour,  and  conchoidal  firactuiTe* 

Mons.  Leschenaultt  has  given  an  account  of  a  wHm 
phasnomenon  that  occurs  at  Mount  Idienne,  in  the  easten 
portion  of  Java.  A  stream,  called  the  White  River  tm 
the  quantity  of  white  clay  which  it  carries  along  with  it,  v 
augmented  by  the  addition  of  a  little  rivulet  caUed  Sonf 
Pouti,  which  proceeds  at  once  from  the  crater  of  this  vol- 
canic mountain,  and  which  produces  in  it  some  extn* 
ordinary  changes.  When  the  latter  stream  is  feeble^  it  i 
absorbed  by  the  sandy  soil  through  which  it  flovrs,  and  ii 
that  case  the  White  River  retains  its  colour  and  its  otbr 
qualities  to  its  very  mouth ;  but  when  the  tributary  streai 
is  sufficiently  copious  to  empty  itself  into  the  White  lUftf) 
it  changes  its  colour,  and  at  the  same  time  conununicatestfi 
it  such  poisonous  qualities,  as  cause  the  destruction  of  tk 
fish,  as  well  as  that  of  the  vegetation,  in  the  country  wMck 
it  irrigates.  This  arises  from  the  sulphuric  acid  contained 
in  the  waters  that  flow  from  the  volcano.  Vauquelin  te 
analyzed  a  portion  brought  by  Mons.  Lieschenault  firom  t 
lake  existing  in  the  crater,  and  found  it  to  contain  sulphonc 
acid,  muriatic  acid,  sulphate  of  alumina  (simple),  a  small 
portion  of  alum,  sulphate  of  lime,  sulphate  of  iron,  and 
a  trace  of  sulphur.  The  sulphuric  acid  vras  the  most 
abundant,  next  the  muriatic,  the  sulphates  of  alumina,  and 
iron ;  whilst  the  remaining  substances  existed  in  vory  small 
proportion. 

The  volcano  of  Mont  Idienne  is  extinct,  but  the  white 
and  decomposed  condition  of  the  rocks  which  surround  the 

*  Annales  de  Chemie,  xxvii.  1 13. 
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crater,  and  the  sulphureous  vapours  given  off,  show  tliat  it 
is  in  the  state  of  a  Solfatara. 

It  would  be  interesting  to  ascertain,  whether  the  acid 
earth  said  to  be  found  in  great  quantities  at  a  village  called 
Daulakie,  in  the  south  of  Persia,  between  three  and  four 
days  journey  from  Buahire,  on  the  Persian  Gulf,  has  a  con- 
nection with  any  thing  volcanic.  It  is  used  by  tlie  natives 
in  making  their  sherbets,  &c.  and  large  quantities  are  thus 
employed,  A  portion  has  been  brought  from  thence  by 
Lieutenant-Colonel  Wright,  and  examined  by  Mr.  Pepys, 
who  finds  that  about  a  fifth  of  it  is  soluble  in  boiling  water, 
yielding  an  acid  solution,  which,  wlien  tested,  gave  proofs 
of  the  presence  of  sulphuric  acid  and  iron,  and  on  evapo> 
ration  yielded  crystals  of  acidulous  sulphate  of  iron.* 

It  would  seem,  that  some  mixture  of  this  kind  may  have 
given  rise  to  the  statements  respecting  solid  sulphuric  acid, 
said  to  have  been  found  in  caverns  among  the  volcanic  rocks 
ofRadicofani  inTuacany.l" 

Carbonic  acid  is  a  common  product  of  volcanos  nearly 
extinct;  it  is  emitted,  as  we  have  seen,  very  abundantly  from 
fissures  in  the  neighbourhood  of  Naples,  as  well  as  near 
Rome,  in  the  Vivarais,  in  the  Eyfel,  and  in  most  of  the  loca- 
lities specified  in  my  former  Lectures. 

It  is  supposed  that  the  Mofettes,  which  often  succeed  an 
eruption  of  Vesuvius,  consist  of  this  gas ;  but  it  is  remark* 
able,  that  during  a  state  of  vigorous  action  this  volcano  does 
not  appear  to  emit  il.J  This  is  perhaps  more  accountable, 
when  we  recollect,  that  Potassium,  and  probably  the  other 
alkaline  as  well  as  the  earthy  bases  when  lieated,  decompose 
carbonic  acid,  and  indeed  if  we  attribute  its  disengagement 
to  the  action  of  heat  upon  calcareous  strata,  (which  appears 
be  ita  most  probable  source)  it  will  perhaps  appear,  when 
coroe  to  consider  the  rocks  amongst  which  volcanos  are 
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seated,  that  this  gas  proceeds  not  from  the  hnfnadiati^  fteni 
of  the  action,  but  from  rocks  to  which  the  heat  ecossknd 
by  its  continuance  has  gmdually  penetrated. 

Nitrogen  gas  has  been  detected  I  belieTe  at  Ve9ii?ia%  ml 
in  some  other  volcanos,  and  it  is  probable  from  the  amd*  | 
niac  salts  which  so  abound,  ^hat  it  is  present  in  idl.  L 

It  is  evident  indeed  that  any  atmospheric  air  whidi  Mf  I 
reach  the  spot  at  which  the  Tolcanic  action  rendes,  will  b  . 
deprived  of  its  oxygen  by  the  process,  and  that  eveait 
the  great  distance  from  the  volcano  itself^  the  pcesenoeat 
metallic  and  other  sulphurets  will  more  slowly,  though  Ml 
less  certainly,  give  rise  to  the  same  eflfect.  Hence  mwk 
nitrogen  gas  must  arise  not  only  from  the  volcano,  but  Ibi 
wise  from  the  rocks  for  a  certain  distance  round. 

'  On  this  latter  principle  indeed  we  may  account  far  its 
presence,  according  to  Humboldt,*  among  the  exhaktioa 
from  the  Vulcanitop  of  Turbaco,  in  New  Andalusia,  wbeiei 
similar  formation  seems  to  occur  as  that  which  I  have  d». 
scribed  in  Sicily,  attended  with  phaenomena  similar  to  those 
of  Macaluba* 

It  would  appear  then,  that,  so  far  as  we  know  at  preset, 
the  gases  given  out  by  volcanos  are,  muriatic  acid,  sulphur 
combined  with  oxygen  or  hydrogen,  carbonic  acid,  and 
nitrogen,  to  which  we  must  add  aqueous  vapour,  of  whick 
an  enormous  quantity  is  constantly  exhaled,  and  this,  being 
afterwards  condensed  by  the  cold  above  the  summit  of  the 
volcano,  may  be  the  cause  of  those  rains  which  frequendj 
succeed  an  eruption,  as  was  the  case  in  that  of  Vesuvius  in 
1794,  which  destroyed  the  town  of  Torre  del  Greco.     * 

Now  let  us  consider,  how  far  this  coincides  with  the 
phaenomena  which  might  be  expected  to  take  place  from  the 
sudden  admission  of  salt  water  to  the  bases  of  the  earths  and 
alkalies  at  a  great  depth  below  the  surface  of  the  CTound. 

The  immediate  effects  of  the  chemical  action  thus  excited 

•  Atlai  Pittoresque,  p.  239>  FoU  Ed. 
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would  be  the  decomposition  of  the  water,  the  union  of  itg 
oxygen  with  the  metallic  bases,  and  the  disengagement  of 
an  enormous  quantity  of  hydrogen  gaa. 

But  the  latter  substance,  it  may  be  said,  has  not  yet  been 
detected  in  a  separate  form  among  the  gaseous  products  of  a 
volcano,  and  Gay  Lussac  has  even  maintained  that  it  cannot 
be  present,  since  it  would  be  inflamed  in  the  air  by  the  red- 
bot  stones  thrown  out  from  the  volcano,  which  has  not  been 
observed  to  happen.  It  might  be  answered  perhaps,  that 
this  effect  is  prevented  by  the  presence  of  large  quantities  of 
muriatic  acid,  for  hydrogen  gas  is  known  to  lose  its  inflam- 
mability when  mixed  with  that  aubatance;  but  the  most 
probable  solution  of  the  difficulty  seems  to  be,  that  of  sup- 
posing this  principle  to  have  combined  in  its  nascent  state 
with  sulphur,  and  the  two  bodies  to  have  been  evolved  in  the 
form  of  sulphuretted  hydrogen  gBS. 

In  whatever  degree  indeed  the  presence  of  sulphur  may 
contribute  towards  the  processes  taking  place  in  the  interior 
of  a  volcano,  it  is  certain  from  the  nature  of  the  gases 
evolved,  that  it  must  exist  either  at  or  near  the  spot  at  which 
they  are  going  on,  and  in  either  case  the  heat  evolved  by  the 
inflammation  of  the  earthy  or  alkaline  metalloids  would  be 
amply  sufficient  to  dissipate  it  in  an  elastic  form,  and  to 
determine  its  combination  with  oxygen  so  soon  as  it  came 
into  contact  with  atmospheric  air.  In  the  former  case  it 
would  be  in  a  fit  stale  to  enter  into  union  with  any  nascent 
hydrogen,  in  the  latter  it  would  constitute  the  sulphurous 
acid  so  common  in  all  volcanos. 

But  it  is  well  known,  that  sulphuretted  hydrogen  and 
sulphurous  acid  mutually  decompose  each  other  when  in 
contact,  BO  that  the  gas  actually  evolved  from  the  crater 
only  denotes  the  excess  in  which  the  one  ingredient  has 
been  formed  over  the  other.  Where  the  process  is  canied 
on  in  places  to  which  oxygen  in  a  free  state  gains  admit- 
tance, and  causes  heat  enough  to  determine  the  ready  com- 
bustion  of  the  sulphur,  it  is  probable  tliut  sulphurous  acid 
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be  fUsengaged  in  suflKcieiit  qtiaiti^  to  dicuapun  ill 
the  sulphuveCtad  hydrogm  that  inajr  vesult.  HoMevMs 
will  be  reproduced  by  the  union  of  tbe  oxygen  tnim^mf/i 
with  the  hydrogen  from  the  other^  the  solpbiir  fion  M 
will  be  deposited,  and  the  esce$$  of  ralphimms  add  thi 
wcape  into  the  atmoqphere. 

•  Soch  appears  to  be  the  case  at  Etna  and  at  the  cnlerrf 
Volcano,  where  the  process  is  going  on  with  aome  wgov- 
it  is  only  on  the  skirts  of  JBtna  near  Jaci  Realaf  and  inioai 
of  the  other  Lipari  Mands,  where  the  volcanie  actioti 
almost  extinct,  that  solphnretted  hydrogen  has  been  d» 
covered. 

The  latter  gas  however  is  given  ofl^  as  it  would  appoii 
ezclosiTely  from  the  neariy  extinct  volcano  of  the  SMfiM^ 
and  has  been  met  with  at  Vesuvius  after  an  eruption. 

The  presence  of  nitrogen  and  of  carbonic  acid  I  ha 
already  endeavoured  to  account  for,  and  that  c^fteia, 
which  is  probably  a  principal  agent  in  rending  and  hetini 
up  the  contiguous  rocks,  is  too  obvious  an  eflEect  of  the  kit 
that  would  be  excited  by  the  action  of  water  upon  the  i» 
tallic  bases  of  the  earths  and  alkalies,  to  require  a  particok 
notice. 

The  muriatic  acid  disengaged  from  volcanos,  is  probabtj 
derived  from  the  muriate  of  soda  contained  in  the  sear-VFater, 
which  is  disengaged  in  consequence  of  the  chemical  affiait) 
exerted  at  a  high  temperature  between  the  alkali  and  the 
clay  or  sand  present ;  for  it  is  found  by  experiment,  that  if 
steam  be  passed  through  a  mixture  of  either  of  these  esfftk 
with  common  salt,  muriatic  gas  is  disengaged* 

So  far  as  we  have  gone  therefore,  there  is  nothing  to  coin 
tradict,  and  much  to  confirm,  the  theory  which  derives  yd* 
canic  phaenomena  from  the  access  of  virater  to  the  unoxy* 
dized  nucleus  of  the  earth.  Let  us  now  proceed  to  consider 
whether  the  other  pheenomena  are  equally  reconcileaUe 
with  tbid  hypothesis. 
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A  volcanic  mountain  is  usually  composed  in  one  of  two 
ways :  it  is  either  a  conical  mass  of  homogeneous  rock, 
which  appears  to  have  been  heaved  up  at  once  into  its  actual 
position  by  the  agency  of  elastic  fluids,  or  it  is  composed  of 
a  succession  of  beds,  generally  consisting  of  cellular  lava 
and  tufT,  in  alternating  strata,  which  radiate  in  all  directions 
away  from  a  circular  cavity,  which  occupies  the  centre  of 
the  mountain. 

The  former,  if  we  believe  Humboldt,  is  the  case  in  many 
of  the  volcanos  of  Equinoxial  America,  where  a  huge  conical 
mass,  composed  of  trachyte,  rises  to  an  enormous  height 
above  the  suiTounding  country,  forced  up,  as  be  conceives, 
by  elastic  vapours  in  the  manner  described  in  the  lines  of 
Ovid  already  referred  to,  which  appear  so  applicable  to  the 
recent  case  of  Jorullo. 

Of  this  mode  of  formation  enough  has  been  said  in  my 
thiid  Lecture. 

The  latter  kind  of  structure  baa  been  well  illustrated  by 
Von  Buch  in  his  Memoii's  on  Craters  of  Elevation,  and  on 
the  Island  of  Lancerote,*  and  the  same  hii£  been  shewn  by 
Mons.  Neckar  de  Saussure  to  belong  to  the  old  crater  of 
Monte  Somma  near  Naples. 

1  have  already  stated  my  objections  to  tlie  manner  in 
which  the  latter  geologist  has  attempted  to  account  for  this 
arrangement  in  the  case  of  the  Monte  Somma,  and  I  should 
even  doubt  its  applicability  to  any  mountain,  composed  of 
strata  of  lava  divided  by  beds  of  tuif  possessing  any  con- 
siderable degree  of  compactness;  as  I  conceive,  that  where- 
ever  this  is  the  case,  the  materials  must  have  been  cemented 
by  the  intervention  of  water. 

In  such  cases  1  am  more  disposed  to  adopt  an  explanation, 
which,  if  not  directly  stated  by  Von  Buch,  seems  to  flow  as 
a  natural  consequence  from  his  remarks  on  Craters  of  Ele- 
vation. 

nteccdent  to  the  commencement  of  the 
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pteMiit  Ohkr  rfduiy,  ike  openitiom  of  a  TcdeuMvoiilil 
be  earned  on  in  a  manner  difleient  iroAi  ^Mrhnt-thejiieit 
pr^Bdnt,  wiU'qipear  from  what  I  •shall-aay-m-  m-  fatanfiA 
of  this  Lectme^  at  preMnt  I  need  only  remark^  that  tka 
n-  abnndant  leaaon  to  believe,  that  the  volcanio  prodMli 
ware  deposited  more  horizontally,  and  extended  OTer  aMe 
cemridcrable  tract  of  country  tlum  modem  l^jnae  uaoaMf  iH 
as  Ukewise  that  they  finequently  exhibited  ■  pmx  1 1  ■liim  i 
tnffandla^abeds,  corrufioading  with  the  luuiiber  tjimf 
Uons  that  had  taken  place. 

Now  let  ns  suppose,  that  at  any  subsequent  -  period,  lb 
Tolcanic  action  was  renewed  undemeatb  theee  strata  liA 
an  energy  sofficient  to  npheaie  them  ronnd  the  .poioti 
which  the  expansive  force  was  at  its  maximum,  andie 
should  then  find  a  circular  aperture  fi>nned  in  die  midbtet 
the  raised  mass,  round  which  the  successive  beds  wooU  k 
seen  dipping  away  in  all  directions  from  the  centie,  jaat  ii 
Ae  manner  which  Von  Bucb  and  Nechar  ha^e  describadii 
the  particular  cases  alluded  to. 

This  then  appears  to  me  to  be  the  tme  explanation  «f 
the  kind  of  structure,  exhibited  in  what  Von  Buch  alt 
^  Erhebungs  Cratere" — craters. which  often  have  given oit 
no  lava  whatsoever,  being  formed,  like  that  partioubur  one 
which  I  have  described  as  existing  in  the.  Eyfel  coontiy 
amongst  rocks  of  transition  slate,  by  the  sole  agency  ^ 
elastic  vapours. 

'  Let  us  next  proceed  to  consider  the  solid  substanca 
thrown  out  by  a  volcano  during  a  state  of  eruption. 

These  may  be  divided  into  .such  as  have  undeigone  a 
complete  change  from  the  volcanic  action,  vi^hich  are  either 
lavas,  or  loose  ejected  masses;  and  such  as  are  thrown  ^ 
unaltered,  or  at  least  retain  sufficient  of  th^r  original  ^ 
racters  to  be  recognized  as  belonging  to  some  one  of  the 
known  strata. 

Beginning  with  the  former  class  of  substance^  I  shall  lay 
before  you :  first  an  account  of  the  phseno^^na  exhibited  by 
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lava9  which  may  be  accounted  chemical,  and  secondly  of 
those  connected  with  their  mineralogical  chariicterB. 

Lava,  when  observed  as  near  as  possible  to  the  point  front' 
whence  it  issues,  is,  for  a  most  part,  a  semifluid  mass  of  the 
consistence  of  honey,  but  sometimes  so  liquid  as  to  penetrate 
the  fibre  of  wood.*  It  soon  cools  externally,  and  therefore 
exhibits  a  rough  unequal  surface,  but,  as  it  is  a  bad  con- 
ductor of  heat,  the  internal  mass  remains  liquid  long  after 
the  portion  exposed  to  the  air  has  become  solidified. +  Tlie 
temperature  atwhich  it  continues  fluid  is  considerable  enough 
to  melt  glass  and  filver,^  and  has  been  found  to  render  a 
mass  of  lead  fluid  in  four  minuie3;[|  when  the  same  mass, 
placed  on  red-hot  iron,  required  double  that  time  to  enter 
into  fusion. 

Even  stones  are  said  to  have  been  melted  when  thrown 
into  the  lava  of  Vesuvius  and  of  Etna. ^ 

On  the  other  hand  the  temperature  in  some  cases  does  not 
appear  to  have  been  sufficient  to  fuse  copper,  for  when  b^l- 
metal  was  submitted  to  the  action  of  that  of  1794,  the  zinc 
was  separated,  but  the  copper  remained  unaffected.?  This 
has  led  Dolomieu  to  believe  that  sulphur  contained  in  lava 
acted  as  a  flux,  and  caused  its  constituents  to  enter  into 
fusion  at  a  lower  temperature  than  they  would  naturally  do.  ' 

The  presence  of  sulphur  in  lava,  though  long  disputed, 
appears  to  be  established  by  the  recent  experiments  of 
Monticelli,  who  has  shewn,  that  sulphurous  acid  is  given 
out,  when  an  heated  mass  of  lava  is  exposed  to  the  action 
of  the  air,  but  that  when  air  -is  excluded,  sulphur  only  i* 
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Nevertheless  it  does  not  seem  necessary  to  resort  tothis 
explanation  of  the  ready  fluidity  of  lavas,  since  thnr  cbmii- 
cal  compoBition,  as  ascertained  by  analysis,  safficieotljt  !(• 
counts  for  this  circumstance. 

According  to  Dr.  Kennedy,  two  specimens  of  the  hnof 
Mount  Etna  contained  each  4  per  cent,  of  soda,  and  luuii 
15  of  oxyd  of  iron,  to  51  of  silex,  19  of  altunine,  and  \^i 
lime.*  Now  it  is  by  no  means  inconsistent  with  cheniaJ 
principles  to  suppose,  that  a  mass  so  constituted  wouUfrl 
main  in  a  state  of  imperfect  fluidity  at  the  temperature  b^  | 
tween  the  melting  point  of  silver  and  that  of  copper,  md  l 
indeed  some  basalts  are  known  to  be  reduced  to  fiusioab,t| 
a  heat  not  more  considerable  than  that  of  a  comnaon  candlt 

With  regard  to  tlie  niineralogical  characters  of  laR,  I 
shall  appeal  to  the  authority  of  Von  Buch,  who,  whaien 
doubts  may  be  entertained  with  respect  to  tlie  soundnesi  oi 
his  views  in  some  other  point«,  deserves  to  be  listened  u 
with  respect  on  this,  as  a  subject  to  which  he  has  devMol 
his  earliest  attention,  and  on  which  he  has  thrown  the  mw 
important  light. 

Almost  all  lava^  he  conceives  to  be  a  mfKlification  * 
trachyte,  consisting  essentially  of  felspar  united  with  tin- 
niferoua  iron,  to  which  they  owe  their  colour  and  tto 
power  of  attracting  iron. 

True  lavas,  he  conceives,  which  have  flowed  in  si 
fivm  the  sides  of  a  volcano,  agree  in  general  in  contftiDiB^ 
as  a  constituent,  glassy  felspar. 


From  Catania,  wesi  of  Etna.  From  Santa  VeiinerB,Keta>A 

weal  of  Etna. 

Silex 51.  60. T5 

Alumina 19.  ■•-.......   IS.& 

IJme 9.5  lO.O 

Ox.  Iron 14.6 14j85 

Soda 4.0  4.0 
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ThiB  felspar  is  derived  immediately  from  trachyte,  that 
being  the  rock  which  directly  surrounds  the  focus  uf  the 
volcanic  action ;  for  if  we  examine  the  strata  that  succes- 
sively present  themselves  on  the  sides  of  a  crater,  we  are 
sure  to  find  that  the  lowest  in  the  series  is  trachyte,  from 
which  is  derived  by  fusion  the  obsidian,  as  is  tlie  case  at 
Tencriffe. 

Agreeably  with  this  view,  1  have  myself  remarked,  that  the 
oldest  lavas  of  Mount  Etna  approached  most  nearly  to  the 
characters  of  trachyte,  and  that  there  even  seemed  a  gra- 
dation, dependent  upon  the  relative  antiquity  of  the  beds, 
down  to  the  lavas  of  the  present  period,  which  possess  the 
usual  cellular  and  semivitreous  aspect  of  such  products. 

But  together  with  these,  which  may  be  viewed  in  the 
light  of  essential  ingredients,  lava  of^en  contains  augite,  leu- 
cite,  hornblende,  mica,  olivine,  specular  iron,  and  other 
minerala,  which  appear  not  to  have  been  present  in  ihe 
matrix,  but  to  have  resulted  from  the  play  of  afHnities  in- 
duced amongst  its  ingredients,  in  consequence  of  the  fusion 
which  they  had  undergone. 

Whether  therefore  we  look  to  the  original  nucleus  of  a 
volcanic  mountain,  or  to  the  products  that  have  at  successive 
periods  been  derived  from  it,  we  shall  be  led  to  the  same 
conclusion,  namely,  that  the  substance  on  which  the  five 
had  acted  was  a  felspathic  rock  allied  to  trachyte,  and  that 
the  bodies  ejected  during  an  eruption  may  be  regarded 
either  as  modifications  of  it,  or  as  extraneous  substances  to 
which  the  action  had  accidently  penetrated. 

To  the  former  class  perhaps  belong  lavas  in  general,  as 
well  as  pumice,  obsidian,  and  the  like;  to  the  latter  the 
inarbles  and  other  substances  not  volcanic,  that  lie  scattered 
round  the  sides  of  many  volcanos. 

But  considering  the  peculiar  characters  of  trachyte,  and 
the  circumstance  of  its  being  limited  to  countries  that  appear 
to  have  undergone  the  action  of  heat,  we  can  hardly  regard 
it  as  a  substance  which  makes  a  part  of  the  original  consti- 
tution of  the  globe,  and  shall  be  disposed  lo  set  it  down  as 
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being  itself  a  product,  although  a  primary  one,  of  thefkfiu 
^  of  other  descriptions  of  rock. 

In  order  lo  determine  this  question,  t  propose  to  comia 
'  Ist,  amongst  what  formations  volcanos  commonly  breiil:' 
''nnd  Sdly,  what  is  the  nature  of  those  loose  masses,  vbo 
[lave  been  ejected  without  loeing  altogether  their 
^characters,  and  therefore  afford  evidence  of  the  kindofiM 
imongst  wliich  the  volcanic  action  resides. 
To  begin  with  the  Rliine,  ii  appears  that  the  fonnatioii: 
r which  the  trachyte  of  tlie  Siebengebirge  rests,  anduiin! 
['which  the  volcanos  of  the  Eyfel  have  arisen,  is  a  cla;4 

belonging  to  the  transition  series;  in  Auvergne,  therodM 
^Wont  Dor  and  of  Clermont  rest  immediately  on  graeiici 

are  separated  from  it  only  by  a  tertiary  deposit,  whilst^ 
^in  Canial  are  incumbent  on  mica  slate.  In  Hungary  i 
^Transylvania,  the  rock  underneath  is  a  porphyry,  associ* 

ipith  syenite,  clay-slate,  &c.  and  referred  by  Beudantmi 
^  transition  series ;  whilst  in  Styria,  the  rock  most  iiomediu 
r  surrounding  the  little  trachytic  formation  of  the  Gloc^ 

Burg  is  gneiss. 

In  Italy  the  case  is  somewhat  different — yet  thonglil' 
'  trachyte  of  the  Euganean  Hills  rises  from  beneath  chalk,' 
f  have  reason  to  believe  that  primitive  and  transition  roclsi 
rat  no  great  depth  beneath,  as  they  are  found  near  Scl'i 
Pand  support  the  alternations  of  Volcanic    and  Nepl 

deposits  in  the  Bragunza. 

To  Vesuvius,  the  nearest  rock  formation  is  the  limtwiw 

of  the  Appennines,  but  gneiss  and  clay  slate  seem  to  belt* 
I  substratum  through  which  the  trachyte  of  Mount  Etna^ 
t-  been  protruded. 

Humboldt  has  shewn,  that  the  rock  ^rhich  supporu 

*  Tolcanos  of  the  New  World  is  generally  a  U'ansilion  p" 
phyry,  and  sometimes  granite  or  syenite,  and  Von  B<« 
reports,  that  the  last  mentioned  rocks  appeared  as  the  lo* 

*  of  those  upliftfid  strata,  which  surrounded  the  crater  of 
Isle  of  Palma,  and  other  of  the  Ci 
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Now,  although  ibe  preceding  enumci  ation  indicates  such 
a  variety  with  regard  to  the  position  of  volcanic  formations, 
as  may  seem  at  first  sight  to  baffle  all  general  concluaions. 
Jet  when  we  considerj  that  in  the  majority  of  instances,  the 
rocks  have  been  referred  either  to  the  primitive  or  transition 
series,  and  that  in  the  remaining  ones,  the  latter  were  at  a 
depth  far  less  considerable,  than  that  at  which  we  shall 
afterwards  find  reason  to  conclude  the  volcanic  force  itself 
to  reside,  I  think  it  may  not  unfairly  be  presumed,  that 
volcanos  have  universally  broken  out  amongst  the  older 
formations,  or  those  most  near  to  the  nucleus,  whatever  it 
may  be,  of  the  globe. 

It  is  obvious  indeed,  that  in  those  cases  in  which  volcanos 
have  appeared  in  the  midst  of  primitive  rocks,  we  cannot 
presume  the  seat  of  action  to  reside  amongst  those  of  a  later 
date,  but  that  the  reverse  does  not  hold  good ;  so  that  if  we 
only  admit  that  any  certain  position  is  to  be  assigned  to 
these  products,  a  single  case  of  their  occurrence  in  the 
midst  of  older  formations  would  overturn  every  inference, 
to  be  derived  &om  their  being  observed  to  emanate  from 
strata  of  a  more  recent  date. 

This  presumption  is  farther  strengthened,  by  considering 
the  nature  of  the  substances,  found  in  the  midst  of  lavas^ 
which  preserve  any  traces  of  their  original  characters,  or 
the  loose  masses  of  unaltered  rocks,  that  are  occasionally 
thrown  out. 

Amongst  the  former,  I  have  never  seen  or  heard  described 
any  substance  that  bore  the  slightest  resemblance  to  the 
constituents  of  secondary  strata,  but  have  often  observed 
imbedded  portions  which  present  the  appearance  of  altered 
granitic  rocks. 

Thus  at  the  Puy  Chopine  in  Auvergne,  granite  is  found 
intermingled  with  the  trachyte  and  greenstone,  thrown  to- 
gether in  such  confusion,  that  we  imagine  the  whole  to  have 
been  elevated  at  one  time,  before  the  rock  had  1 


Ifeted  upon  by  the  heat. 


ntirely 


\  In  the  lavas  of  the  Vivarais,  as  well  as  in  those  of  ibe 
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Rhine,  I  have  met  with  masses  imbedded  that  have  much 
the  appearance  of  an  altered  gneiss  or  granite,  and  the  same 
thing  is  also  seen  in  the  tuffof  Gleichenburg  in  Styria. 

Humboldt  mentions  having  found,  In  the  midst  of  the 
new  volcano  of  Jorullo  in  Mexico,  white  angular  fragments 
of  syenite  composed  of  a  small  portion  of  hornblende  and 
much  lamellar  felspar ;  and  in  the  collection  of  Dr.  Thom- 
son, now  in  llie  Museum  of  Edinburgh,  there  is  eaid  to  be 
a  fragment  of  lava  enclosing  a  real  granite,  which  is  com- 
posed of  reddish  felspar  with  a  pearly  lustre  like  adularia, 
of  quartz,  mica,  hornblende,  and  lazulite< 

I  have  likewise  seen  among  the  specimens  from  the  Ponza 
Islands,  presented  to  the  Geological  Society  by  Mr.  Scrope, 
apiece  of  granite,  or  perhaps  rather  of  a  ay  en  i  tic  rock,  which 
he  states,  in  the  annexed  catalogue,  to  have  been  found  in 
the  midst  of  the  trachyte  from  this  locality. 

But  the  most  interesting  fact  perhaps  of  this  descrip^on, 
is  one  related  on  the  authority  of  a  zealous  cultivator  of 
natural  history,  Signor  Gemellaro  of  Catania, — I  mean  the 
presence  of  a  mass  of  granite  containing  tin-stone,  enveloped 
in  the  midst  of  a  stream  of  lava  from  Mount  ^tna.  The 
specimen  I  have  myself  seen,  and  though  I  cannot  pretend 
to  have  ascertained  the  presence  of  tin-stone,  am  able  (o 
vouch  for  the  general  accuracy  of  the  account  he  has  pub* 
lished  of  the  substance. 

It  may  he  remarked,  that  these  specimens  of  granitic 
rocks  have,  in  general,  a  degree  of  brittleness,  which  accords 
very  well  with  the  notion  of  their  exposure  to  fire. 

The  general  character  of  the  ejected  massts,  which  are  not 
imbedded  in  lava,  is  such,  that  it  is  difficult  to  refer  thera 
to  any  rock  with  which  we  are  acquainted ;  it  is  true  that 
M.  Poli  of  Naples,  has  in  his  possession  a  fragment  of  rock 
thrown  out  by  Vesuvius,  which  Humboldt  pronounces  lo 
be  a  tme  mica  slate,  but  in  most  cases  they  are  mixtures  of 
nepheline,  mica,  augite,  leucite,  and  Other  minerals,  which 
are  rarely  found  associated  together  in  the  same  manner  in 
any  of  the  original  rock  formations. 


'  :i?-  'Cri/slah  in  TracJii/te. 
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I  have  already  alluded  *  to  the  probability,  lliat  llie 
leucite  crystals  are  cotemporaneous  with  the  rocks  in  which 
they  occur,  and  may  add  in  addition  to  the  fact  before  stated 
in  support  of  this  opinion,  that  Von  Buch  observed  at 
Borghetto,  in  the  midst  of  the  ci-yatals,  a  black  substance 
analogous  to  the  rock  in  which  the  whole  was  imbedded, 
and  that  in  some  cases,  where  the  leucite  did  not  completely 
envelope  it,  a  connection  was  observable  between  the  black 
substance  and  the  rock.  Sometimes  in  the  place  of  the  former 
a  crystal  of  augite  occupied  the  centre  of  the  leucitic  mass. 

Admitting  then  these  crystals  to  be  cotemporaneous  with 
the  rock,  and  the  whole  to  have  been  formed  by  the  vol- 
cano out  of  the  materials  submitted  to  its  action,  it  seems 
most  probable  that  the  latter,  if  derived  from  any  known 
rocks,  should  have  belonged  to  the  primitive  or  at  least  the 
transition,  rather  than  to  anymore  recent  order  of  forma- 
tions. 

Independently  of  these  considerations,  the  general  charac- 
ters of  trachyte  favour  the  idea  of  its  derivation  from 
granite,  or  some  analogous  substance;  it  is  from  this  re- 
semblance that  it  has  been  called  by  Dolomieu  granitoid 
lava,*  and,  although  the  two  rocks  may  be  distinguished  by 
the  presence  of  quartz  in  the  one,  and  its  absence  in  the 
other,  yet  the  predominance  of|  lelspar  in  both  seems  to 
place  them  under  the  same  genus,  and  to  distinguish  them 
from  the  constituents  of  secondary  strata,  where  that  mineral 
hardly  can  be  said  to  occur,  except  where  we  have  reason  to 
suspect  the  agency  of  iire. 

It  would  be  interesting  to  possess  a  comparative  analysis 
of  a  aeries  of  specimens  of  trachyte  and  granite,  taken  as 
nearly  as  possible  from  the  same  localities,  since  notwitlt- 
standing  the  miueralogical  differences  above  pointed  out, 
there  is  reason  to  believe  that  their  chemical  composition 
may  vary  but  little. 

■  See  page  184. 

t  Hence  Slrange  mislnik  tlie  iMchyle  of  t lie  Euganean  HilUfor  granile. 
>-re  111]  PtjiBr  ii.  Ihe  PiiJI.  Trma. 
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Thus  though  quartz  is  wanting  ia  trachyte,  and  abuBdm 
in  granite,  yet  the  silicceuE  earth  contained  in  that  mkwnl 
may  liave  united  with  the  alumina  present,  ia  such  p» 
portions  as  would  form  felspar,  and  In  this  manner  pertapi 
the  latter  has  become  more  abundant,  at  the  expense  of  tin 
other  two  ingredients  of  granite. 

The  fusion  efiected  by  the  volcanic  operations  vroald  bi 
favourable  lo  tlte  play  of  affinities,  and  enable  the  pMiidK 
of  the  silica  freely  to  combine  with  the  other  earths  inAt 
requisite  proportions. 

In  some  cases  on  the  contrary,  where  the  material  opan- 
ted  upon  consisted  chieily  of  quartz,  the  result  majr  ln» 
been  that  variety  called  millstone  trachyte,  ^vhich,  ibousl 
chiefly  siliceous,  betrays  its  igneous  origin  by  the  C«Us  <u 
cavities  it  so  abundantly  contains. 

We  have  thus  arrived  at  the  conclusion,  that  the  cfasK- 
ters  of  volcanic  products  in  general  are  such  as  XeaAwi 
fair  presumption,  that  they  are  derived  from  some  rf  ll* 
older  rock  formations,  a  fact  fully  confirmed  by  a  consda- 
ation  of  ibc  phEenomena  attendant  on  an  eruption,  ^ 
general  tenor  of  which  plainly  denotes,  that  the  focus  of  l)it 
action  is  situated  at  a  depth  at  least  as  great  as  tliat  to  whicb 
granite  extends. 

I  do  not  lay  any  stress  on  the  remarks  of  Stukeley,  o^ 
calculates  from  the  compass  of  country  over  which  e^ 
quakes  have  been  felt,  that  the  force  must  in  some  insuflce 
be  200  milps  beneath  the  sur&ce,"  because  we  have  n»»n 
to  believe,  that  the  vibrations  may  be  propagated  lateidli 
for  beyond  the  immediate  influence  of  the  impelling  fbfw; 
but  1  would  argue  from  the  immense  mass  of  materials^ 
ted  by  Vesuvius  or  Etna,  without  exhausting  itself  or  cans' 
ing  any  diminution  in  its  own  dimensions  ;  Trom  ihe  pt^ 
digious  height  to  which  the  Irachytic  nucleus  c^  a  vdcsro 

•  Asinllif  one  Ihei  occurred  in  Asm  Minor  A.  O.  I?,  whieh  deWiW 
thirlean  cilies,  and  extendnl  over  »  diameter  of  300  laites.      gee  Slatebj 
the  CMMe  of  EartUcjUokes.     Phil.  Tranact.  for  1750. 
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is  mised,  as  at  Teneriffe,  and  in  Equinoxial  America ;  and 
lastly  from  the  immense  violence  of  the  eruptions,  -which 
would  shiver  to  atoms  any  superficial  covering  of  rock,  that 
the  elastic  vapours  must  be  disengaged  tU  a  depth  at  least 
as  great  as  that,  to  which  the  crust  of  the  earth  can  be 
supposed  to  extend. 

Tliese  considerations  will  be  viewed  as  more  favourable 
to  the  hypothesis  suggested  by  Sir  H.  Davy's  discoveries^ 
than  to  any  other  perhaps  that  has  been  proposed.  Thus  it 
has  been  shewn,  that  volcanos  usually  take  place  in  situa- 
tions, in  which  the  element  calculated  to  excite  the  com- 
bustion was  largely  present ;  that  the  aeriform  fluids  given 
out  are  such  as  would  be  generated  by  the  chemical  action 
superinduced  by  its  presence ;  that  the  nucleus,  as  well  as 
the  products  of  a  volcano,  are  of  a  nature  likely  to  result 
from  the  action  <if  heat  upon  the  constituents  of  the  nearest 
rocks  WG  know  of  to  the  seat  of  the  action  ;  that  the  charac- 
ter of  llie  unaltered  masses  ejected  favour  such  an  opinion  ; 
and  finally,  tliat  the  pluenomena  themselves  indicate  a  cause 
at  once  deeply  seated,  and  of  wide  extent. 

Ail  tliese  circumstances  on  the  contrary  are  opposed  to 
the  theory,  which  attributes  volcanos  to  the  combustion  of 
beds  of  coal  or  sulphur,  for  though  these  substances  may  be 
often  present  in  the  neighbourhood  of  burning  mountains, 
yet  the  rock,  in  which  they  are  imbedded,  belongs,  as  1  have 
shewn,  to  a  comparatively  recent  epoch  in  the  history  of  our 
planet,  and  the  phpenomeua,  which  they  exhibit  when  in  a 
state  of  inflammation,  are  such  as  denote  a  local  and  super- 
Jicial  origin. 

Conceiving  therefore  that  the  former  hypotliesis  afibrds  the 
more  plausible  explanation  of  the  facts  detailed,  it  may  be 
worth  while  to  recapitulate  the  substance  of  the  foregoing 
remarks,  in  such  a  manner  as  may  enable  me  to  point  out 
the  connection  of  the  several  phtenomena  one  with  anotlier, 
and  their  dependence  upon  the  cause  assigned. 

Let  us  suppose,  that  the  nucleus  of  the  earth  at  a  depth 
of  three  or  four  miles,  either  consists  of,  or  contains  as  a 
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conaiiluent  part,  combinations  of  the  alkaline  and  earthy 
metalloids,  as  well  as  of  iron  and  the  more  common  nietalB, 
with  sulphur  and  possibly  with  carbon.  These  sulphureta 
are  gradually  undergoing  decomposition,  wherever  they 
come  inio  contact  with  air  and  water,  but,  defended  by  the 
trust  of  the  globe,  jusi  as  a  mass  of  potassium  is  by  a  coot 
>)f  its  own  oxide  when  preserved  in  a  dry  place,  the  action 
goes  on  too  slowly  to  produce  any  striking  effect,  unless 
the  latter  of  these  agents  be  present  in  sufficient  quantity. 
Hence  under  our  continents,  the  elastic  fluids  generated  by 
this  process  are  compressed  by  the  superincumbent  mass  of 
rock,  until  they  enter  probably  into  new  combinations,  or 
diffuse  themselves  through  the  solid  strata.* 

But  under  the  sea,  where  the  pressure  of  an  enormous 
column  of  water  assists  in  forcing  that  fluid  through  the 
minutest  crevices  in  the  rock,  the  action  must  go  on  more 
rapidly,  and  the  effects  consequently  be  of  a  more  striking 
nature. 

These  effects  however  will  take  place  in  the  middle  of  the 
sea  less  generally  than  on  the  coast,  because  the  pressure  o( 
the  ocean  itself  opposes  an  impediment ;  and  it  will  in  gene- 
ral not  be  constant,  but  intermittent,  because  the  heat  gene* 
rated  by  the  process  itself  will  have  a  tendency  to  close  the 
aperture  by  which  the  water  entered,  first,  by  injecting  the 
fluid  lava  into  the  fissure,  and  secondly,  by  causing  a  general 
expansion  of  the  rock;  nor  will  the  water  again  6  nd  admis- 
sion, until,  owing  to  the  cessation  of  the  process,  the  rock 
becomes  cool,  and  consequently  again  contracts  to  its 
original  dimensions. 

Now  the  first  effect  of  the  action  of  water  upon  the  alka- 
line and  earthy  metalloids  will  be  the  production  of  a  large 

"  Cftrbonic  acid  is  known  In  be  very  conunoiily  present  in  tile  watetB  of 
springs,  and,  at  we  are  not  aware  ihat  (hey  altiacl  it  from  the  atmospherer  it 
sccin»  most  probable  ihal  it  is  the  renult  of  some  process  going  on  in  the 
iiitetior  of  the  earth.  (BJsthoff,  Vulkanischen  Mineralquellep,  p.  371.)  The 
tBine  remark  perhapa  may  apply  to  the  exhalations  of  nitrogen  gaaiwhiah  Dr. 
Davy  delected  in  the  warm  springs  i>[  Ceylon,  (sec  his  IVavelB,  p,  45.)  Uld 
which  lis.ve  been  ulao  founil  in  some  parlt  ol'  North  America. 
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Tolume  of  hydrogen  gas,  which,  if  air  be  present,  will  com- 
bine with  oxygen  and  return  to  the  state  of  water,  if  it  be 
absent,  will  probably  combine  with  the  sulphur,  both  being 
at  the  high  temperature  favourable  to  their  union.  In  the 
former  case  nitrogen  gas  will  be  given  off,  in  the  latter  sul- 
phuretted hydrogen. 

But  in  case  of  the  presence  of  oxygen,  the  sulphur  will 
also  become  inflamed,  and  give  rise  to  the  production  of 
sulphurous  acid,  which  will  predominate  amoog  the  gaseous 
exhalations  emitted  from  the  mouth  of  the  volcano,  provided 
suflicient  quantity  of  air  be  present  to  coinbine  with  the  hy- 
drogen and  re-convert  it  into  water.  So  soon  however  as 
the  oxygen  is  consumed,  the  hydrogen,  no  longer  entering 
into  combustion,  unites  with  the  heated  sulphur,  and  escapes 
in  the  form  of  sulphuretted  hydrogen,  which,  towards  the 
latter  period  of  the  eruption,  will  predominate  over  the 
sulphurous  acid,  because  it  continues  to  be  formed  long 
after  the  want  of  oxygen  has  put  a  stop  to  the  production 
of  sulphurous  acid.  Now  it  is  well  known,  that  these  two 
gases  mutually  decompose  each  other,  and  therefore  cannot 
exist  at  the  same  time,  so  that  the  appearance  of  sulphuret- 
ted hydrogen  from  the  mouth  of  the  volcano  may  indicate, 
if  not  the  entire  absence  of  sulphurous  acid  at  the  place  at 
which  the  process  takes  place,  at  least  that  its  formation  is 
stopped  by  the  consumption  of  oxygen,  or  is  going  on  with 
less  energy  than  heretofore. 

The  very  circumstance  of  the  reproduction  of  water  by 
the  mutual  decomposition  of  these  two  gases,  might  be  the 
means  of  keeping  up  the  action  in  a  languid  manner  for  an 
indefinite  period.  The  slowness  with  which  lava  coola 
would  cause  it  to  give  out  for  a  considerable  time  GuAicient 
heat  to  the  adjoining  strata,  to  place  the  sulphur  at  the 
temperature  necessary  to  cause  ite  combination  with  oxy- 
gen; hence  a  certain  portion  of  sulphurous  acid  would 
be  continually  emitted,  which  however  would  be  soon  de- 
composed by  the  hepatic  gas  present.  The  water  resulting 
fixjm  thia  process  would  percolate  into  the  rece^iesof  the 
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rock,  act  upon  any  portions  of  the  aiknline  and  eorlhy 
metalloids  that  might  have  escapetl  the  oiiginal  action,  and 
give  birth  to  a  fresh  volume  of  hydrc^n  gas,  ready  in  its 
lata  to  dissolve  a  new  portion  of  sulphur,  and  thereby  to 
contribute  to  the  repetition  of  the  same  phtenomena. 

The  separation  of  muriatic  acid  from  the  common  salt 
present  in  sea  water  is  explained,  on  ihe  common  principles 
of  chemistry,  by  the  auperior  affinity  exerted  by  the  base 
for  the  siliceous  or  aluminous  earth  than  for  the  acid,  and 
the  sublimation  of  iron  in  the  state  of  fer  oligiste,  rath» 
than  of  peroxide,  may  result  from  the  deoxydizing  pro- 
perty of  the  sulphuretted  hydrogen  at  the  same  time  dis' 
engaged.  The  carbonic  acid  given  off  may  be  derived 
either  from  the  carbonaceous  matters  that  have  entered  into 
combustion,  a  view  of  the  subject  which  is  perhaps  favoured 
by  the  phsenomena  of  the  pietra  mala,  or  from  the  action 
of  the  high  temperature  upon  tbe  carbonates  of  lime  and 
magnesia,  existing  in  the  strata  above  the  seat  of  the  vol- 
canic action.  I  have  already  remarked,  that  this  latter  gas 
is  chiefly  found  in  volcanos  that  have  become  extinct,  or 
liave  been  long  in  activity,  where  time  appears  lo  have  been 
given  for  the  heat  to  extend  itwlf  beyond  tbe  imniediate 
sphere  of  the  volcanic  action. 

In  short,  on  the  supposition  of  salt  water  and  air  being 
broHght  in  contact  with  the  sulphurets  of  the  metals  itnd 
earthy  metalloids,  all  the  knovm  phcenomena  of  volcanos 
may  be  deduced  in  the  order  in  which  they  ^pear  to  occur ; 
in  the  first  place,  so  long  as  air  was  present,  an  evolution  of 
lar£[e  volumes  of  muriatic,  sulphurous,  and  nitrogen  gases, 
together  with  aqueous  vapour,  would  take  place ;  at  a  later 
period,  when  the  oxygen  was  expended,  sulphuretted  hy- 
drogen and  carbonic  acid,  with  a  smaller  quantity  of  muri- 
atic acid,  would  appear ;  lastly,  when  all  the  other  eSectg 
had  subsided,  aqueous  vapour  and  carbonic  acid  might 
continue  to  be  evolved. 

If  it  be  asked,  how  we  can  account  for  the  presence  of    ' 
atmospheric  air  iti  the  interior  of  a  volcano,  I  angwer,  that 
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as  the  first  efinct  of  the  heat  would  be  to  produce  a  $oftemng 
of  the  contiguous  strata,  it  must  necessarily  happen,  that 
the  evolution  of  so  large  a  portion  of  elastic  matter  would 
have  the  effect  of  bearing  them  up  to  h  certain  distance  round 
the  focus  of  the  volcanic  action,* 

This  aperture  would  undoubtedly  be  filled  in  the  first 
instance  by  the  gases  given  off  by  the  volcano  itself,  but 
the  slightest  intermittence,  or  even  inequality  in  the  process 
would  occasion  a  partial  vacuum,  which  the  air  of  the 
atmosphere  would  immediately  fill. 

Afler  these  remarks,  which  have  for  their  ohject  the 
nature  and  origin  of  volcanic  rocks  themselves,  we  are 
naturally  led  to  inquire,  what  relation  they  may  be  supposed 
to  bear  to  the  other  constituents  of  our  globe. 

It  remains  yet  to  be  seen,  up  to  what  point  we  are  justi- 
fied In  extending  the  operation  of  the  same  calise  to  the 
explanation  of  the  phanomena  of  our  globe,  whether  for 
example,  there  is  sufficient  reason  from  analogy  to  conclude, 
that  the  basalu  and  porphyries  of  older  formation  have  re- 
sulted from  a  modiAcatlon  of  the  same  process,  or  whether 
we  can  discover  in  them  such  differences  of  character,  as 
imply  something  more  than  a  mere  alteration  in  circum- 
stance, and  balBe  all  attempts  to  refer  them  to  a  common 
origin. 

So  far  as  relates  to  the  phenomena  exhibited  by  the 
rocks  themselves,  the  shifling,  and  disturbance  they  occasion 
in  the  surrounding  strata,  the  hardening  of  the  parts  in 
contact,  and  the  conversion  of  coal  into  coke  by  driving  off 
the  bituminous  matter,  I  should  despair  of  adding  any 
thing  to  the  luminous  remarks  of  Professor  Playfair ;  but 

*  Corneliiu  Sev«ru«,  in  hi*  |>oein  on  Etna,  Heini  fully  sen«ibU  tbat 
gaieaul  eiliBlationa  are  ihe  cause  of  volcanic  piliEnoniena.  See  (be  lines 
beginning: 

Non  propera  tnt  igni  par  M  viclcntia  temper, 

Ingcnium  vclox  illi,  moiuBqilc  percDIUal 

Impetus  eslipsi;  qui  tpirilus  imperal,  audit, 

NwK  pTUKCp«  inagnuit|tM,  tub  boc  diwc,  nuUUt  jgnia.  Ac 
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it  may  not  be  alu^ther  uninteresting  to  inqaire^  whethei 
the'  direct  inferences,  to  which-  he  has  been  led,  are  bene 
out  by  the  analogies  snbsisdng  between  these  fbrmationi) 
and  the  products  of  actual  volcanos. 

Now  it  is  obvious  in  the  first  place,  that  no-  small  6sff» 
of  probability  is  attached  to  the  igneous  theory,  when  m  I 
discover  every  where  among  the  oldest  formations,  loA^ 
whose  mineralogical  characters  at  least  'bear  a  manifistr^ 
semblance  to  those,  which  belong  to  recent  and  undispoted 
lavas* 

The  latter,  as  I  began  by  observing,  admit  of  a  twoftU 
division  into  trachyte  and  basalt,  the  former,  includioj 
those  rocks  that  consist  essentially  of  no  other  ingredieBt 
than  glassy  felspar,  the  latter,  those  which  contain  in  ad- 
dition a  portion  of  augite.  Now,  without  entering  into  tk 
disputed  question  as  to  whether  the  porphyries  with  ghsj 
felspar,  which  occur  in  Hungary  and  the  New  World,  iR 
ever  referable  to  the  older  formations,  we  can  have  litde 
difficulty  in  pointing  out  cases,  in  which  rocks  of  that  age 
are  found,  having  scarcely  any  other  characters  to  distin* 
guish  them  from  the  trachytes  of  existing  volcanos,  than 
such  as  relate  to  their  mechanical  texture. 

Of  this  kind  are  the  rocks  of  Sandy  Brae  in  the  county  of 
Antrim,  and  of  Drumodoon  in  the  Island  of  Arran,  whicli, 
if  we  overlook  their  want  of  cellularity,  might  be  set  down 
as  belonging  to  the  latest  class  of  igneous  products. 

Still  nearer  is  the  resemblance  subsisting  between  the 
augite  rocks  of  these  respective  periods;  for  if  weexanuDe 
the  lava  which  has  flowed  into  the  valley  at  the  foot  of  tbe 
Graveneire  of  Montpezat  in  the  Vivarais,we  shall  acknowledge 
that  it  possesses  all  the  characters  of  an  antient  basalt,  and 
even  the  rocks  associated  with  trachyte  on  the  borders  of 
the  Rhine,  or  resting  upon  it  in  Auvergne,  differ  fifon 
secondary  traps  only  in  the  d^ree  of  their  cellularity,  or  in 
some  cases  perhaps  in  a  nearer  approach  to  a  glassy 
texture. 

The  same  remark  will  apply  to  their  chemical  composition, 
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in  which  respect  they  have  been  Hhcwn  by  Dr.  Kennedy  to 
resemble  each  other  very  nearly,  and  in  particular  to  cor- 
respond in  the  quantity  of  vegetable  alkali  iliey  concain. 

It  may  indeed  be  objecied,  that  rocks  so  uniformly  com- 
I  pact  as  the  basalts  and  porphyries,  winch  exist  in  the  older 
I  Atrata,  arc  not  common  among  the  products  of  actual  vol- 
I  canos;  that  the  ccUukr  varieiieB  found  in  the  older  rocks 
,  differ  from  those  existing  in  the  more  modern,  in  having 
iheir  pores  for  the  most  part  filled  with  crystalline  matter, 
which  is  almost  wanting  in  the  other;  and  that  vitreous 
,  substances,  which  are  rare  in  the  former,  constitute  a  con- 
,     fiderable  portion  of  the  contents  of  the  latter, 

Conaidering  nevertheless  the  remarkable  resemblances 
.  before  pointed  out,  I  think  we  should  be  disposed  «  priori 
1  to  view  those  minor  differences,  an  indicating  rather  some 
I  alteration  of  circumstances,  than  a  cause  altogether  dis- 
.  tinct ;  and  this  presumption  would  doubtless  be  strengthen- 
I  ied,  by  considering,  that  the  conditions,  under  which  the 
.  >folcanic  force  must  have  been  exerted  at  the  earlier  jieriod 
1     alluded  to,  were  really  diSiii'ent  from  those  which  operate 

at  the  present. 
I  But  if  it  could  further  be  shewn,  that  the  circumstances 

at  the  former  case  were  precisely  such,  as  would  be  likely  to 
'  toroditce  those  characters  which  distinguish  trap  rocks  from 
the  products  of  later  volcano 5,  the  notion  of  a  similarity  of 
origin  would  be  rendered  more  probable ;  and  this  prob- 
ability would  almost  rifien  into  certainty,  if  it  were  proved, 
that,  as  soon  as  the  earth  approached  its  actual  condition, 
the  rocks  resulting  from  the  operation  of  fire  presented  a 
nearer  relation  to  the  products  of  actual  volcanos ;  inso- 
much that  the  characters  of  them,  which  date  from  a  period 
intermediate  between  llie  oldest  and  newest  class  of  forma- 
tions, appeared  to  constitute  a  connecting  link  between  tlie 
two  former. 

Dolomieu   in  France,   and  Strange  in  England,  were  I 
believe   the  tirst  who  poiuled  out  the  occurrence  of  sub- 
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marine  volcanos,  which  are  not  assumed  to  have  existed  for 
tlie  mere  convenience  of  explaining  facts,  but  are  fully  esta- 
blished, by  the  repeated  instances  on  record,  of  rocks  cou^ 
sisting  of  volcanic  matter  suddenly  elevated  in  the  midst 
the  ocean. 

The  former  explained  in  this  manner  that  alternation  of 
Neptunian  and  Volcanic  deposits,  which  I  have  noticed  in  8 
former  part  of  tliie  inquiry  as  being  found  in  Sicily  and  near 
Lisbon ;  and  the  latter  referred  to  the  same  cause  th^ 
analogous  phenomena  in  the  Vicentin;  justly  concluding 
that  these  rocks,  which  in  their  general  characters  presenieQ 
&o  close  an  analogy  to  the  products  of  actual  volcanos,  weif 
Been  under  circumstances,  that  excluded  any  other  noting 
respecting  them,  than  that  of  their  having  been  ejected 
under  water. 

Availing  himself  of  this  distinction,  though  not  agreeing 
with  these  writers  in  the  precise  view  which  they  had  take^ 
pf  the  pbienomena,  Dr.  Hutton,  in  his  celebrated  Theory  cy 
the  Earth,  proceeded  to  point  out,  that  the  dificrences  h«* 
fween  the  present  eSects  of  heat,  and  those  attributed  to  U 
in  earlier  periods  of  the  history  of  our  globe,  might  be  ai^ ■ 
counted  for  by  the  pressure  exercised  during  the  latter  bj 
the  ocean,  then  incumbent  upon  the  rocks  so  formed. 

"  The  tendency  of  an  increased  pressure,"  to  use  thp 
words  of  Professor  Playfair,*  "  on  the  bodies  to  which  heat 
is  applied,  is  to  restrain  the  volatibty  of  those  parts  whica 
otherwise  would  make  their  escape,  and  to  force  them  to 
endure  a  more  intense  action  of  heat.  At  a  certain  depto 
tinder  the  surface  of  the  sea,  the  power  even  of  a  veij 
intense  heat  might  therefore  be  unable  to  drive  off  the  oily 
or  bituminous  parts  from  the  inHammable  matter  thera 
ileposited;  so  that,  when  the  heat  was  withdrawn,  these 
principles  might  be  found  still  united  to  the  earthy  and  car* 
bonic  parts,  forming  a  substance  very  unlike  the  residuum 
obtained  afler  combustion  under  a  pressure  no  greater  than 
the  pressure  of  the  atmosphere.     It  is  in  like  manner  reason- 
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able  to  bdieve,  that,  on  ihe  application  of  heat  to  calcare- 
oaa  bodies  under  great  compresalonj  the  carbonic  acid 
would  be  forced  to  remain ;  the  generation  of  quicklime 
would  be  prevented,  and  the  whole  might  be  softened,  or 
even  completely  melted;  which  last  effect,  though  not  de- 
ducible  from  any  experiment  yet  made,  is  rendered  very  prob- 
able, from  the  analogy  of  certain  phsnomena." 

These  anticipations  were  fully  realised  by  the  masterly 
experiments  since  undertaken  by  Sir  James  Hall,  which 
shewed,  that  the  carbonic  acid,  usually  driven  off  from  lime- 
stone by  the  action  of  heat,  may  be  retained  in  combination 
with  it  by  a  pressure  greatly  inferior  to  that  of  the  present 
ocean,  and  that  the  calcareous  matter  under  such  circnm- 
Btances  enters  into  fusion,  at  a  temperature  which  it  com- 
pletely resists  when  tins  elastic  material  is  expelled. 

Sir  James  Hall  has  applied  this  discovery  with  great  suc- 
cess to  explain  the  occurrence  of  calcareous  matter  in  the 
cavities  of  amygdaloidal  traps,  and  that  of  water  in  those  of 
certain  agates  existing  in  the  same  class  of  rocks,  whilst 
such  substances  have  never  been  met  with  amongst  modem 
lavas. 

I  do  not  find  however,  that  lie  has  alluded  to  the  greater 
ceUularity,  which  the  latter,  taken  in  general,  possess  in  com- 
parison with  basaltic  formations,  although  this  appears  to  be 
an  obvious  consequence  of  the  absence  of  that  quantum  of 
pressure,  which  was  necessary  to  control  the  volatility  of  the 
gaseous  ingredients ;  and  may  be  justly  attributed  to  such  a 
cause,  from  the  fact,  that  the  upper  part  of  a  stream  of 
modem  lava,  where  the  pressure  is  least,  is  generally  most 
vesicular. 

The  last  distinction  alluded  to,  namely  the  nearer  ap- 
proach to  a  vitreous  aspect  in  the  products  of  modern  vol- 
canos  in  general,  may  also,  if  I  mistake  not,  be  referred,  in 
great  measure,  to  the  same  difference  with  respect  to  the 
-press\ire  exercised  during  their  formation,  and  what  took 

KBce  under  the  bed  of  the  ocean. 
Before  however  I  attempt  to  account   for  this  character 


398  Their  itony  aspect  referred  to  the 

upon  the  above  principle,  it  will  be  necessary  for  me  to 
idlude  to  some  experiments  of  Sir  Jamett  Hall  and  Dthers, 
with  respect  to  the  cause  of  the  vitreous  texture  assumed  by 
oinny  artificial  products  in  the  act  of  cooling. 

The  former,  in  a  paper  published  in  the  3th  volume  of  tli8 
Edinburgh  Philosophical  Transactions,  bos  the  merit  of  Rnl 
distinctly  shewing,  thai  the  stony  aapect,  vrhich  distinguishes 
basalt  from  the  usual  pioducts  resulting  from  its  fusion, 
may  be  imitated  by  allowing  the  substance  to  coal  in  a  vei7 
Blow  and  regular  manner ;  andMr.Gregory  Watt,*  who  pro* 
Becuted  these  experiments  on  a  more  extended  scale,  sbewedf 
that  the  various  modihcations  of  structure,  exhibited  !taa 
Jlie  most  compact  to  the  most  vitreous  lava,  are  successively 
produced,  according  to  the  different  degrees  of  rapidity,  nitli 
which  the  several  portions  of  the  same  basaltic  moss  return 
to  a  solid  condition. 

Mons.  Fleurian  de  Bellevue,  who  published  a  mmilar 
paper  in  1805,  pointed  out,  in  addition  to  the  preceeding 
results,  an  interesting  analogy  between  the  products  of  the 
slow  cooling  of  glass  and  certain  natural  compounds,  in  the 
being  similarly  acted  upon  by  chemical  reagents,  nitric  acul 
reducing  the  former,  as  it  does  zeolites  and  other  minetals, 
jto  a  jelly,  in  consequence  of  the  separation  of  the  earthy  and 
alkaline  bodies  soluble  in  that  fluid  from  the  silica  previoas^ 
combined  with  them.  A  similar  property  belongs  lo  mo* 
felspathic  lavas,  especially  to  clinkstone;  and  even  to  certain 
bsaalls. 
I  '■  The  analogies,  between  the  products  of  artificial  fusioii 
■md  the  substances  found  in  trap  rocks,  have  of  late  beal 
extended  by  the  experiments  of  Mitscherlich,  who,  il  ■■ 
.said,  has  succeeded  in  producing  crystals  of  augite  in  no 
lespect  different  from  those  that  occur  in  nature. 
^  Hence  it  appears,  that  the  vitreous  stiiicturc,  common  to 
so  many  difterent  substances,  is  assumed,  in  consequence, 
for  the  most  part,  of  their  rapid  transition  from  a  liquid  to  % 
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solid  state,  owing  to  whicli  the  ingredients  weie  prevented 
from  exerting  their  mutual  affinities,  and  uniting  into  those 
compounds  which  they  have  a  natural  tendency  to  form. 

It  is  true,  that  something  would  appear  to  be  attributable 
to  the  particular  chemical  composition  of  the  aubstances 
themselves ;  for  obsidians  and  pumice  are  found  to  be  pecu- 
liar to  certain  volcanos,  and  even  to  certain  stages  of  their 
action,  being  mei  with  at  Lipari,  but  not  at  Etna,  among 
the  antient  Puzzolanas  of  Naples,  but  not  among  the 
modern  products  of  Vesuvius ;  nor  can  their  formation  be 
in  all  cases  attributed  solely  to  rapid  cooling,  as  we  observe 
the  former  constituting  entire  currents,  and  the  latter  ejected 
in  loose  masses,  intermixed  with  others  of  a  more  stony 
character.* 

From  the  observations  of  Humboldt  on  Teneriffe,  it  may 
perhaps  be  concluded,  that  these  products  are  derived  in 
common  from  the  direct  fusion  of  trachyte ;  and  thus  we 
may  account  for  their  occurrence  solely  among  the  masses 
first  ejected  from  the  crater  of  the  peak  ;  nor  does  it  seem 
altogether  improbable,  that  this  tendency  to  assume  a  per- 
fecUy  vitreous  condition  may  be  connected  with  the  pre- 
sence of  a  larger  quantity  of  alkali,  and  that  the  latter  being 
in  part  dissipated  by  a  longer  continuance  of  the  heat,  the 
remaining  ingredients  may  afterwards  take  upon  themselves 
a  form  less  perfecdy  vitreous,  even  where  all  the  other  cir- 
cumstances remain  the  same. 

These  exceptions  however  do  not  afiect  the  general  truth 
of  the  proposition,  that  all  lavas  would  assume  a  vitreouR 
condition,  if  suddenly  cooled;  and  a  stony  texture,  if  heat 
were  abstracted  with  a  certain  degree  of  slowness;  for  though 
the  rate  at  which  the  cooling  process  must  proceed,  in  order 
to  enable  the  ingredients  to  exert  their  mutual  affinities^ 
may  be  influenced  by  differences  in  chemical  composition, 
still  ibere  is  reason  to  believe,  that  every  lava  might  be 
converted  into  glass,  and  that  every  kind  of  glass  might  by 
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proper  management  be  made  to  develope  p.  certain  ciysui* 
line  arrangement. 

The  question  therefore  occors,  to  what  are  we  \a 
bute  tile  fact,  that  obsidiane  and  pumice,  80  far  Grora  being 
most  common  in  submarine  lavas,  are  never  met  wiA 
amongst  them,  and  that  in  ^neral  (he  products  Ibu  hm 
TesuUed  from  the  latter  kind  of  eruptions  do  not  preseotv 
near  an  approach  to  the  vitreous  texture  of  the  fbrnerad*- 
stances,  Bfl  is  exhibited  amongst  those  formed  unda  Of 
isting  circumstances. 

Such  an  observation,  seeming  at  first  eight 
with  the  fact,  that  heat  is  commonly  abstracted  from  bodis 
with  more  celerity  undei-  water  than  in  air^   requires  tu  bt 
,  considered  somewhat  in  detail. 

in  order  to  understand  this,  it  must  be  recoHecled,  ib 
Botwitbfilanding  the  rapidity  with  which  a  healed  be^ 
plunged  into  water  has  its  temperature  reduced,  tbepoM 
of  conducting  caloric  possessed  by  that  fluid  is  exceedii^ 
Bmall ;  and  tliat  it  appears  from  the  experiments  of  Coutf 
Rumford  and  others,  that,  when  heat  is  applied  to  ft  nvf 
containing  water,  an  equable  temperature  is  estatdiiW 
among  the  several  portions,  chiefly  in  coT\sequence  of  lli 
circulation  induced  in  the  strata  of  the  liqaid. 

This  circulation  is  effected  in  two  ways  :  in  someibgi*^ 
by  the  particles  of  water  at  bottom  becoming  specifio^ 
lighter  when  heat  is  applied  to  that  part  of  the  vesH^  f^ 
consequently  displacing  those  above;  but  ia  a  BtillgMi'^ 
degree,  by  the  absorption  and  subsequent  disengaoeoiMl  ^ 
caloric,  caused  by  the  conversion  of  successive  portiowrf 
the  waler  nearest  the  source  of  the  heat  into  steam,  lUxllM 
return  to  their  original  condition  when  they  come  into  «•" 
tact  with  the  supernatant  liquor. 

,  Hence,  if  the  heat  be  communicated  to  the  top  insMadrf 
the  bottom  of  the  vessel,  it  is  long  before  the  watttwl 
attain  throughout  an  ec^uable  temperatnit. 

Now  it  seems  almost  a  corollary  from  the  laws  establisfe^ 
by  Sir  James  Hall's  experiments  respecting   compresei* 
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that  at  the  bottom  of  the  ocean  none  of  the%ater  could  be 
convened  into  steam;  for  if,  as  tliis  writer  infers,  the  pressure 
was  sufficient  to  preserve  the  water  existing  in  the  midst  of 
the  lava  (where  the  heat  must  be  supposed  to  be  at  its 
maximum)  in  a  hquid  form,  still  more  completely  would  it 
prevent  that,  which  was  incumbent  on  the  heated  maes,  from 
aaauming  a  gaseous  condition  in  consequence  of  the  heat 
communicated  from  below. 

I  conceive  therefore,  that  the  agency  of  the  water  in 
carrying  ofi' the  ^heat  of  the  lava  woidd  be  limited  to  the 
e&ect  produced  by  the  circulation  occasioned  among  the 
lower  strata  of  that  fluid  ;  and  this  circulation  would  pro* 
bably  be  less  rapid  than  that  occasioned  in  the  strata  of  the 
atmosphere  by  ihe  bursting  out  of  a  similar  stream  of  lava, 
inasmuch  as  the  expansion  of  water  by  equal  increments  of 
heat  is  less  considerable  than  that  of  air. 

Perhaps  hkewise  the  superior  density  of  submarine  lavas, 
the  general  absence  of  cells,  and  their  not  sending  forth  those 
emanations  of  gaseous  matter  which  appear  to  proceed  from 
modern  currents,  might  contribute  to  the  same  eflect,  and 
prevent  the  same  vitreous  appearance  from  manifesting  itself, 
which  we  should  perceive,  if  the  lava  had  come  into  contact 
with  shallow  water,  and  which  is  obseiTable,  although  in  a 
degree,  in  that  which  has  flowed  in  the  open  air. 


It  now  only  remains  to  be  shewn,  that  the  alteration  of 
circumstances,  which  took  place  as  the  earth  approached  its 
actual  condition,  was  such  as,  according  to  the  principles 
laid  down,  ought  to  have  brought  about  that  modilication 
of  characters,  which  mEU-ks  the  volcanic  products  of  this 
intermediate  age. 

I  assume  as  a  position  generally  admitted  among  Geolo- 
gists, that  a  large  portion  of  the  secondary  and  tertiary 
strata  have  been  deposited  from  aqueous  solution,  so  that  a 
comparison  of  the  height  which  they  respectively  attain 
affords  a  standard,  whereby  to  estimate  the  relative  depth  of 
the  ocean  at  the  periods  of  their  respective  fomialion. 
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Now  it  was  a  &vourite  doctrine  of  the  Vl^enlerian  school, 
that  there  existed  an  almost  uniform  relation,  between  the 
elevation  which  the  strata  attain,  and  their  antiqui^,  so  tlial 
it  seemed  to  follow  as  a  natural  consequence,  that  ibe  ocm^ 
from  which  these  several  rock  formations  were  depontedi 
gradually  sunk  from  an  elevation,  perhaps  nearly  equal  to 
that  attained  by  the  primaeval  granite,  to  the  level  whidiit 
occupies  at  the  present  moment. 

In  Mr.  Conybeare^s  excellent  Introduction  to  the  '^  Geo- 
logy of  England  and  Wales,*^*  it  is  shewn,  how  far  such  an 
opinion  is  contradicted  by  the  present  state  of  our  know- 
ledge, and  under  what  restrictions  it  may  yet  be  received. 
Between  the  height  of  the  same  beds,  deposited  in  different 
basins,  little  or  no  relation  appears  to  be  made  out;  but  in 
those  belonging  to  the  same  district,  there  seems,  I  think} 
little  ground  for  scepticism  as  to  the  general  truth  of  the 
proposition.  Yet  as  these  different  basins  can  hardly  be 
regarded  as  having  been  altogether  insulated,  it  seems  ne- 
cessary to  suppose,  that  the  water,  from  which  the  strata 
were  deposited,  stood  at  an  equal  level  in  them  all,  and  this 
obliges  us  to  imagine  great  convulsions  to  have  taken  place, 
during,  or  subsequent  to,  the  formation  of  secondary  strata, 
which  had  the  effect  either  of  raising  portions  of  them  abffce^ 
or  depressing  others  below^  the  standard  elevation. 

Even  those  who  are  unwilling  to  admit  this  modified 
view  of  the  Wernerian  doctrine,  will  probably  not  deny, 
that  at  the  period  during  which  the  tertiary  rocks  were 
deposited,  the  waters  occupied  an  inferior  level  to  that 
which  they  had  previously  attained ;  since,  if  we  take  a 
review  of  the  principal  localities  in  which  these  latter  for- 
mations occur,  we  shall  find,  that  they  rarely,  if  ever,  are 
found  at  so  great  a  height,  as  the  secondary  formations  on 
which  they  repose. 

Thus  the  highest  point  attained  by  the  tertiary  rocks  in 
Great  Britain  is  at  High  Beech  in  Essex,  composed  of  the 
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London  clay,  wliicli  rises  to  (lie  elevation  of  750  feet  above 
the  sea — whereas  the  chalk  is  seen  in  Wiltshire  at  Incfapen 
Beacon  1011  feet  in  height.* 

In  France  the  same  rule  appears  to  hold  good ;  and  if 
there  are  any  exceptions,  they  will  be  found,  either  in  Switz- 
erland, which  exhibits  in  all  its  strata  the  most  striking 
proofs  of  derangement ;  or  in  America,  where  the  operation 
of  volcanos  affords  a  ready  explanation  of  such  apparent 
anomalies. 

Upon  the  most  unprejudiced  review  therefore  of  the  facts 
before  us,  it  will,  I  think,  be  concluded,  that  even  if  the 
theory  of  distinct  basins  be  considered  inapplicable  to  the 
icondary  strata,  it  must  be  retained  with  regard  to  the 
tertiary,  since  there  seems  every  reason  for  believing  the 
latter  to  have  been  deposited  at  tlie  bottom  of  lakes,  either 
of  salt  or  fresh  water,  existing  in  the  lower  situations,  after 
the  higher  ground  had  been  left  dry. 

Even  in  this  case  therefore,  it  seems  necessary  to  imagine, 
that  the  ocean,  after  having  once  covered  the  whole  surface 
of  our  present  continents,  underwent  some  diminution, 
which  had  the  eSect  of  reducing  it  to  its  actual  limits,  and 
that  this  reduction  of  volume  was  not  sudden,  but  look 
place  gradually,  seeing  that  we  have  evidence  from  the 
pha-nomena  of  the  tertiary  strata  of  the  e.^istence  of  an 
inlermediale  period,  during  which  the  hills  were  lefl  dry, 
but  the  low  land  was  still  occupied  by  the  waters. 

It  is  to  this  intermediate  period  that  I  am  now  alluding', 
and  if  we  apply  the  principles,  which  I  have  attempted  to  lay 
down  on  the  subject  of  submarine  lavas,  to  the  circumstances 
of  this  particular  case,  it  will,  I  think,  be  allowed,  that  any 
influence  that  might  be  exeKled  by  the  pressure  of  an  in- 
cumbent ocean  in  modifying  the  present  effects  of  heat, 
-would  at  this  time  be  more  leeble  than  heretofore,  and  con- 
sequently that  the  products  of  any  volcanic  action  which 
might  occur  during  its  coDtinuancej  would  possess  less  com- 
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pletely  those  characters  which  dislingiiisli  the  two  extremes 
of  the  series. 

In  the  state  of  things  now  under  consideration,  the  ten- 
dency to  a.  vesicular  structure,  possessed  by  all  kinds 
matter  which  disengage  elastic  fluids  whilst  in  a  state  of 
fusion,  would  be  counteracted  by  a  less  efficient  pressiirej 
and  the  consequence  of  this  struggle  of  opposite  forces  ^ 
therefore  seen,  in  the  occurrence  of  compact  and  cCdllfb^ 
rocks  intermixed,  according  as  the  resistance  counter' 
balanced  the  expansive  power,  or  the  expansire  power  tri- 
umphed over  the  resistance. 

The  cells  occurring  in  iheae  latter  rocks  would  likewise 
be  rarely  filled  with  crystalline  matter,  because  the  carbonic^ 
acid,  having  been  retained  less  forcibly  in  combination  with 
the  alkaline  earths  present,  would  more  rarely  give  rise  to 
the  formation  of  calcareous  spar  and  similar  products ;  and  j 
at  the  same  time  the  other  minerals,  which  require  for  their 
formation  a  very  slow  cooling  of  the  ingredients,  would  be 
less  abundantly  formed,  wherever  the  depth  of  water  wns 
insufficient  to  restrain  the  volatility  of  the  elastic  materials. 

For  the  same  reason,  the  lava  itself  would  now  assume  a 
titreous  character  more  commonly  than  it  did  before,  pre- 
senting often  an  appearance,  intermediate  between  the  cflecti^ 
of  rapid  cooling  exhibited  by  the  obsidian  and  the  pumic« 
which  have  been  ejected,  and  the  results  obtained  where  a 
volcanic  rock  has  cooled  under  the  pressure  of  a  larger  body 
of  water. 

These  diSerences  will,  however,  be  best  pointed  out  Im 
considering  in  detail  the  distinguishing  characters  of  Tfll^ 
canic  products  formed  at  these  respective  epochs. 

These  I  shaJl  divide  into  three  classes,  marked,  as  I  coiW 
ceive,  by  their  age,  structure,  position,  and  mode  of  origin,' 
as  distinct  members  of  the  same  chain  of  formations ;  'ntv 
fiball  I  scruple  to  include  trap  rocks  under  this  general  head, 
as,  according  to  the  view  1  have  attempted  to  ]ay  down, 
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they  faave  proceeded  from  the  same  cause  as  modern  lavus, 
modified  only  by  circumatances. 

The  1st  class  tlien  will  comprehend  those  volcanic  pro- 
ducts, that  have  been  ftfrmed  since  the  earUi  obtained  its 
Bent  condition. 

Being  usually  produced  in  the  open  air,  and  under  a  vei7 

nited  preasuro,  they  are  usut^Uy  more  cellular  and  vitreous 

pn  the  older  fonniitions,  and  their  cells  are  more  rarely 

lUed  with  crystalline  infiltrations.     It  may  be  observed,  that 

although  the  number  and  size  of  the  cavities  are  dependant 

on  the  mass  of  matter,  the  upper   part  of  a  current  being 

always  more  vesiLulur  than  that  nearer  the  centre,  yet  that  it 

^^s  rare  lo  iind  among  recent  or  post-dilitvial  lavas  any  por- 

^^ion  of  a  stream  that  is  Altogether  free  from  pores. 

The  volcanic  products  of  this  age  may  be  divided  into  two 
kinds,  namely,  the  loose  fragments  thrown  into  the  air  by 
the  explosion  of  the  gases  generated,  and  tlie  streams  of 
melted  lava  that  have  flowed  directly  from  the  mountain. 

The  former  cpnsist  oflapilli,  having  sometimes  a  compact, 
but  more  generally  a  scoriform  character,  of  pumice,  obsi- 
Z  dian,  and  sand,  which  accumulate  in  heaps  round  the  moun- 
■  tain,  without  any  deterniitiate  order,  so  as  to  resemble  a  sort 
||fc^f  breccia  in  all  respects,  except  in  the  wwil  pf  any  cement- 
jViog  niedittm. 

In  socne  cases  indeed  the  loose  fragments  cohere  slightly 
by  (he  intervention  of  the  sund,  but  U  is  rare  to  meet  with 
any  bed  possessing  that  4egree  of  consistency  which  belongs 
in  general  to  tke  older  tufis. 

,  To  this  perhaps  the  nearest  approach  is  exhibited  in  that 
Jgeries  of  volcanic  matter  which  covers  Herculaneum, 
mere  the  sand  and  pumice  appear  to  have  been  mixed  up 
■dth  water,  and. in  consequence  Itave  united  into  an  aggre- 
ich  more  compact,  than  that  resulting  from  Uie  same 
of  ashes >vhich  fell  at  Pompeii.  - 
Even  here  howe^-er  the  degree  of  consistence  can  haitlly 
be  considered  equal  to  thtuof  tulfingeneral,  so  that  it  seems 
lu  follow,  llialwnii-'tliing  more  than  the  melt;  presence  of 
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water  is  requisite,  to  bring  about  that  intimate  union 
heterogeneous  materialB  which  we  observe  in  the  latter. 

The  lavas  that  have  flowed  firoiiri'  modem  volcanoa  have 
been  ejected  usually  through  the  mraium  of  craters  and  not   ^ 
of  dykes,  for  I  believe  it  is  a  rare  occurrence  to  meet  i|JUi   ^ 
the  latter  phaenomenon  among  rocks  of  this  c1b8B«  '  ^ 

Some  indeed  will  apped  to  the  dykes  of  the  Monto 
Somma,  of  Lanzerote,  or  the  Isle  of  Bourbon,  as  instancte.iV 
but  I  think  it  cannot  be  -shewn,  that  in  awj^&  of  these  ' 
cases  the  dykes  are  co-eval  with  the  modem  eniptions ;  in 
all  they  appear  to  have  been  produced  before  the  crater 
existed,  and  perhaps  whilst  the  mountain  was  still  under  the 
surface  of  water.  ,         /      ^^ 

The  very  existence  indeed  of  a  crater  oughty  it  8houIdW| 
seem,  to  be  the  means  of  preventing  the  ipjectioh  of  ,^ykes ; 
since  the  lava,  finding  a  reeAj  passage  fbrfts  esca^upward^ 
would  be  less  likely  to  force  its  way  through  the  miSA  jrab*^  '\ 
stance  of  the  walls  that  confined  it. 

Such  an  event  may  occasionally  take  pllce  at  a  consider-  : 
able  depth  below  the  crater,  from  the  pressure  of  a 'Tail  ^^ 
column  of  lava  causing  the  melted  matter  to  be  ihjedtea  \ 
through  the  weakest  portion  of  the  containing  walls  ;  and  i 
something  of  this  kind  indeed  occurs  in  every  caae^  in  which 
the  lava,  instead  of  rising  to  the  summit  of  the  mountain^ 
escapes  through  its  sides.    Such  dykes  however,  from  the 
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^»-; 
?• 


very  cause  assigned,  would  rarely  come  within  the  sphere    | 
of  actual  observation  ;  since  they  would  be  nowhere  so  un-    i 
likely  to  occur  as  in  the  crater,  that  is,  near  the  upper 
surface  of  the  column  of  lava,  to  the  pressure  of  which  they 
owe  their  existence. 


1 


Another  distinction  between  the  rocks  of  this  class  and 
those  belonging  to  the  one  I  shall  next  mention,  is,  that  they 
have  been  poured  forth  in  nan'ow  bands  or  streams,  gradual* 
ly  widening  indeed  as  they  are  removed  finom  their,  source, 
but  in  all  cases  having  a  breadth  in  no  degree  propoitionate 
to  their  length.     More  antient  volcanic  rocks  on  the  con- 
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tmry  seem  to  form  continuous  strata,  spreading  more  uni- 
foi-mly  on  every  side  over  a  large  extent  of  country. 

This  is  the  case  alike  with  the  basaltB   of  the  Giant's 
Causeway,  the  toadstones  of  Derbyshire,  the  porphyries  of 
jyklinburgh,  and  the  trachytes  of  Mont  Dor.     In  none  of 
ise  cases  do  we  discoTer  any  such  tendency  to  a  rectilinear 
may  be  traced  in  mosc  of  the  streams  that  have 
ill  derived  from  volcanos  now  iu  activity. 
May  not  this  remarkable  difi'erence  be  in  like  manner 
atnibutsd,  to  the  greater  resistance  which  would  be  oppose<l 
in  the  one  case  to  the  escape  of  the  melted  matter,  compared 
to  what  takes  place  at  present,  and  the  consequent  accu- 
mulation of  the  malennls,  until  a  passage  having  at  length 
been  forced  through  the  weakest  part   of  the   incumbent  i 
stratum,  a  mass  of  lava  considerable  enough  to  cover  a 
extensive  district,  spread  itself  equably  on  all  sides  of  the 
aperture  ? 

May  not  this  be  the  reason,  tliat  in  former  periods  of  the 
world  long  intervals  appear  to  have  elapsed  between  the 
Tolcaiiic  operations,  suflicient  ipdeed  In  some  cases  to  admit 
pf  the  deposition  of  thick  strata;  whereas  Rl  present  the 
mounuin  is  enabled. by  the  absence  of  pressure  to  relieve 
^^tsclf  by  a  much  sligliter  eifort,  and  consequently  gives  rise 
^^Hi  less  considerabie,  though  more  frequent  eruptions, — to 
^^^BBers  only  instead  of  seas,  of  volcanic  matter  ? 
^^F  The  case  in  a  modern  volcano  which  most  nearly  ai3- 
P  proaches  to  the  one  we  have  been  considering,  is  where, 
owing  to  the  want  of  any  permanent  opening,  such  as  a 
volcanic  crater  presents,  the  lava  is  ^ected  from  sundry 
linute  orifices  on  the  surface  of  a  level  counti-y.  Such 
ipenni  to  be  the  case  in  Lancerote,  in  St.  Michael's,  and 
ibably  in  Iceland.* 
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In  these  instances,  die  1^^%- not^liiviiig  ite  'mtection  de< 
tenmned  by  the  slope  bf  tibe  counti|^^ws  equably  towardi 
all  points  of  the  compasB,  lind  thus  constitutes  q.:bed,  whichy , 
if  covered  by  a  deposit  of  marl  or  Ban<)^  might^mistakra     s. 
foramasBof  antientlava.  '"  '      ;' 

Cases  indeed  «re  mentioned^  where  a  stream  emitted  fsomc  ^ 
the  cniter  of  a  tolcano  appears  to  hjlte  spread  itself  equably, 
round  the  sides  of  the  mountainit'  But  such  ap^^^cidenlF 
can  only  arise  from  an  uncoOimon  regularity  jjoii^lh^brim  of 
the  orifice,  and  therefore  msn  be  of  rare  occunenee^  The 
regular  and  equable  distribution  of  antient  lavas  cirala  never 
have  happened  generally,  unless  they  l|Ad  been  ejec^^ 
through  a  narrower  orifice  than  thfit  of  a 'ttiater.  ^'^k^ 

I  now  proceed  to  consider  the  Snd  claas'^  of  Yolcanic  pro- 
ducts, which,  I  belCefvd^  to  be  co-eval  with  tfai^jmim'^^ 

minated  tertiary.  ..  ■:;;    ^,  *ju0'^ 

These,  being  gected  under  a  iyressure  IcssB  consioeral 
than  what  existed  in  the  preceding  period,  naturally  exhil 
some  variation  in  characters. . 

They  are  composed  of  a  mixture  of  vitreous  and  ceIInI(^*9 
with  stony  and  compact  rocks,  the  former  connecting  them 
with  the  modem,  the  latter,  as  we  shall  find^  with  the  more 
antient  products  of  fire*    Crystalline  infiltrations  are  more>.^, 
common  than  in  the  former,  but  less  general  than  in  the'^ 
latter.    Their  subaqueous  ori^n  is  proved  by  their  repeated  ^ 
alternations  with  Neptunian  or  fiheshwater  deposits,  often    ' 
containing  shells  which  appear  to  have  resided  undia^bed 
at  the  bottom  of  the  water.    They  occur  chiefly  in  beds,  the 
direction  and  origin  of  which  it  is  often  difficult  to  tiBC%.^ 
but  which  appear  to  be  derived  more  commonly  firomdykBI 
than  from  craters. 
They  consist,  either  of  lavas  of  an  homiogeneous  texture 

'f  Steininger  (ErloscbcDen  Vulkane  in  Sudfrankreich)  hH  lUted  that  the 
crater  of  St.  Nicholatt  near  Cayres,  between  the  towns  of  Pay  cb  Velay  and 
Pradelles,  in  the  south  of  France^  iu  an  instance  of  tbiskindU    I  did  not  visit  it. 


titt  Lavas  considered^ 

ferable  to  the  general  heads  of  felspar  and  augile  por- 
ronsisling  of  an  admixture  of  loose  frag- 
ments of  sundry  volcanic  producta, 

Ofthcfonner  class,  the  one  most  abundantly  distributed 
during  the  above  mentioned  period,  is  some  variety  of  that 
felspathic  porphyry,  known  under  the  general  denominatioa 
of  trachyte, 

If  vre  take  ihe  trouble  of  considering  in  detail  the  spots  in 
which  tliis  sutjstance  has  been  principally  met  with,  we  shall 
find  it  in  general  referable  to  a  period,  posterior  to  the  date 
of  the  secondary,  and,  so  far  as  we  can  make  out,  oo-eval  with 
the  tertiary  formaliona. 

Thus  it  has  been  already  shewn,  that  neither  the  trachyte 
oF  Hungary,  of  Styria,  of  the  Venetian  slates,  of  Germany, 
nor  of  France,  can  be  atlrtbuled  to  an  a?ra  more  remote  than 
that  of  the  latter  class  of  deposits ;  whilst  on  the  other  hand 
^^y  exhibit  marks  of  unleriority  to  the  last  general  deluge 
^^KUie  vallies  which  everywhere  intersect  them. 
^^^The  fii-st  thing  that  strikes  us  in  considering  this  class  of 
^^BKgenous  products,  is  their  Taat  thickness  and  extent,  in 
BRcomparison  with  that  of  similar  rocks  thrown  out  either  at 
an  earlier,  or  a  later  penod ;  whence  it  would  seem  to  fol- 
^^w,  that  during  the  formation-6f  the  tertiary  class  of  de-   I 
^Bnits,  the  ciicumstances  were  peculiarly  favourable  to  the 
^^^^tton  of  volcanic  agency. 

^B  Possibly  the  retreat  of  so  targe  a  portion  of  that  ocean, 
^Pwhich  by  its  enormoas  pressure  must  have  hitherto  checked 
^  the  volatility  of  the  gases  generated  by  the  processes  we  are 
^  contemplating,  may  account  for  the  dillerence  above  noticed ; 
3  the  elastic  vapours,  previou^^ly  coniined  in  ihe  interior 
ftheearth,  might  in  consequence  of  this  change  be  enabled 
in  heave  up  the  already  softened  materials  of  the  inciniibent  ^ 
L    Tlrata,  and  tlius  to  form  in  the  first  instance  those  vast  domes  ^ 
^fcf  trachyte,  which  30  often  constitute  the  nucleus  of  a  vol- 
^Btonic  mounl^,  and  the  vent  through  wliich  its  lavas,  &c. 
^H&e  discharged. 
^f»    Tlie  (quantity  of inatler  thrown  uut  by  this  drst  operation 
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of  the  Tolcanic  force,  ought  to  have  beealiapte  considenbk 
tban  that  dischaif;ed  at  any  Bubfiequent  period,  wbeoyt 
permanent  Yeot  being  eBtablished,  a  slight  eSatt  wooU  In 
snflEicient  to  eflbct  a  discharge,  and  might  be  maEpectekem 
to  exceed  that  emitted  at  earlier  periods^  when  the  aelioi 
of  the  volcano  was  cononolled  by  a  greater  pressure^  Iti 
trne  that  in  the  older  rocks,  eruptions,  where  they  tai 
place,  might  be  equally  considerable ;  but  "we  have  no  prof 
that  they  occurred  at  once  in  so  many  parts  of  the  f^ 
during  any  preceding  epoch,  as  they  appear  to  have  doo^ 
during  the  period  at  whicfl  the  tertiary  rocks  were  bang 
formed.  .'^ ' 

Under  the  circumstance  above  stated^  I  do  not  myadf^ 
any  valid  objection  to  the  notion  originally  suggested  b 
Humboldt  or  Von  Buch,  with  respect  to  the  heaving  up  i 
masses  of  soRened  rock  in  a  dome-like  form  ;  but  those  iritf 
cannot  reconcile  themselves  to  such  an  opinion  are  at||i0!||^ 
to  form  any  other  hypothesis  with  respect  to  those  fi0l!L 
excepting  that  of  considering  them  the  relics  of  a  sin^QOfr 
tinuous  bed  of  lava;  an  idea  quite  irreconcileable,  tf i 
appears  to  me,  with  the  linear  direction  in  which  they  occn^' 
the  regularity  of  their  form,  their  isolated  condition,  vi 
the  enormous  height  which  they  sometimes  attain. 

With  regard  to  the  origin  of  the  tertiary  volcanic  pn*- 
ducts  which  belong  to  the  second  department  of  our  et 
quiry,  I  mean  the  tufis  associated  with  the  trachytes  an' 
basalts  of  this  period,  much  diflferenc^  of  opinion  appears  ti 

exist.* 

By  some  they  have  been  attributed  to  mud  empCioBit 
analogous  to  those  which  are  stated  to  have  taken  pbl 
from  certain  of  the  volcanos  of  America;  by  others  they  SI  j 
deduced  from  showers  of  stones  and  ashes,  agglutinated  bj 
the  action  of  rain ;  whilst  of  late,  since  the  attention  of 
Geologists  has  been  so  much  directed  to  the  dBfects  of  iri^ 

*  Sec  some  remarks  on  this  subject  in  Mons.  Neckar  de  Sanasure*!  VtfS 
ou  the  Monte  Samimu    Memolre  de  la  Societe  d'Hist^  NatyreUe  de  Geneve,    j 
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tailed  dihivisl  action,  il  has  been  fuskionable  lo  attribute 
I  class  of  products  lo  ibe  deairuction  of  oldei'  volcanic 

s  caused  by  tbe  goneral  deluge. 
Before  we  proceed  lo  conaidi-r  the  probability  of  these 
f    reapeclive  opinions,  it  will  be  necessary  first  to  define  tlie   , 
liindof  tufT,  of  which  we  intend  to  8peak,  for  it  is  certain, 
that  under  this  vngue  general  denomination  a  great  variety 
of  aggregates  are  included,  possessing  but  little  in  ci 
EeXCept  tbe  presence  of  fi"agmenls  of  volcanic  matter. 
By 'Thus  We  find  the  trass  of  the  Rhine,  the  congeries  of  ashes 
P^oui  scone  which  covei-s  Herculaneum,  and  the  decomposed 
' .  trachyte  of  the  Isolfatma,  all  Included  und^  the  natne  of 
tuff;  although  it  is  evident,  that  these  formations  belong 
neither  to  the  same  period,  nor  to  llie  simie  class  ol'  deposits. 
It  is  therefiire  not  improbable,  that  each  of  the  above 
hypotheses  may  be  ^plicable  to  certain  kinds  of  luflj  and 
^  that  the  discre|)aricy  of  opinion  has  arisen,  from  an  attempt 
^^B  extend  to  all  an  explanation  suggested  by  the  pha^numeiut 
^^Vone  particulai'  class. 

^^n'hus  the  hypothesis  of  tnud  eruptions  may  account  for 

U|Rrtain  of  those  formations  of  trass,  which,  wliiL^t  tliey  cun- 

Btitutc  a  tolerably  colierent  mass,  ajtpear  to  be  postLTior  to 

,^^ie  formation  of  the  valliesj  to  the  lower  part  of  rtttichthey 

are  confim^d. 

It  would  be  interesting  to  obtain  a  detailed  geological 

*  .description  of  the  mud  eruptions  of  the  American  volcanos, 

as  in  the  only  case  we  know  of  in  Europe  of  this  kind,  I 

mean  iu  the  tuff  of  Herculaneum,  llio  aggregation  of  the 

Ktiarts  is  less  con^derable  titan  we  tind  it  to  be  in  the  trass  of 
Rhine. 
was  once  disposed  to  consider  this  latter  substance 
lied  in  the  above  manner,  but  the  thickness  and  exiensive 
uiai,riljution  of  tlie  deposit  in  the  neighbourhood  of  Ander- 
nach,  and  the  want  of  any  coruiexion  between  it  and  ibo 
neighbouring  craters,  obliged  [ue  to  odundon  such  an  idea. 
!'        Still  less  will  an  hypothesis  of  this  kind  account  for  (he 
formation  of  so  imineiiae  a  mass  of  puzzolana  oa  dial,  which 
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occupies  dw  n^ghbourhood  of  Naples,  and  which,  front  iu 
division  into  distinct  portions  bj  interposed  beds  of  loose' 1 
Korie  or  pumice,  indicates  a  series  of  ejections  taking  placa 
at  succeBBire  ialerrah,  rather  than  one  aimukaneous  o])e- 
ration. 

In  cases  of  this  kind,  the  only  probable  o])iiiion  is  to 
attribate  the  formation  to  vast  masses  of  loose  volcanic 
matter  deposited  at  the  bottom  of  watcTj  through  the  ogency 
of  which,  assisted  by  pressure,  it  became  consolidated  into 
its  present  form. 

The  action  of  this  water,  in  the  case  of  that  near  Naples, 
is  evinced  by  Ihe  uniform  manner  in  which  the  tuif  has  been 
washed  into  all  the  hollows  existing  in  the  older  formation^ 
u  is  evident  at  Sorrento,  Vico,  and  other  places  on  the 
'  coast,  oppoutc  to  that  from  which-  the  principal  mass  of 
'  puzzolana  qipearv  to  have  proceeded;  and  likewise  in  the 
Talley  of  Maddelona,  near  Caserta,  to  the  north  of  the  city. 

The  origin  of  the  substances  of  which  this  aggregate  is 
composed  Is  to  be  attributed,  either  to  the  detritus  of  the 
older  rocks,  or  immedifttdy  to  the  ejections  of  the  volcano^ 
but  the  union  of  compact  with  scorified  materials  seems  to 
shew,  that  both  causes  have  operated.  The  former,  I  should 
imagine,  are  chiefly  derived  from  older  rocks,  whilst  the 
pumice,  obsidian,  and  other  analogous  products,  seem  to 
have  proceeded  directly  from  the  volcano  itself. 

To  this  class  I  would  refer  those  beds  of  tu£^  which  occur 
in '  the  Vicentin,  in  Styria,  and  in  Auvergne,**  containing 
shells,  and  alternating  with  beds  of  tertiary  limestone. 

*  On  tbc  liitter  point  I  am  happy  to  have  the  authority  of  Samonilt  who 
rcmarkg,  tliat  in  tlie  tuff  of  Mont  Uor,  (here  ii  no  ilratification  in  tbe  arimnga- 
nwDt  of  tlie  integract  parM,  (Im  fregmeots  are  never  diiposed  in  parallel  lioet, 
nor  accumulated  with  any  rcHjiect  to  their  bulk,  but  are  heaped  together 
without  any  order  orarrungnnetit  vrhatioever.  There  are  no  rounded  maHea, 
and  wlien,  M  temetlmei  happcpa,  tlie  tuff  coclaiiu  fragmeQU  of  priamalic  tia- 
cbyti!  that  liaa  been  dinplaced,  the  prianu  retain  their  aogoUrity  in  a  gra>er 
decree  Ihaa  they  would  do,  if  they  had  bean  Bubjecled  to  tlM  action  of  water. 
SeehiH  paper  entitled,  Nivellcmeut  Bammelrique  de  Mont  Dor,  ^c.  HenNin 
dc  I'Acadeniii^  1813. 


hut  not  io  Diluvial  action.  ilB 

The  pumiceouB  conglomerate  of  Hungary  will  belongs 

;we  believe  Beudant,  to  the  same  diisB;  it  is  in  part,  he 
^&y6^  caused  by  ejections  of  loose  fragments. 'of  rock,  which 
took  place  under  water ;  and  in  part  the  effect  of  this  very 
water,  which  first  detached  portions  of  the  existing  rocks  of 
the  country,  and  afterwards  cemented  them  into  one  co- 
herent mass. 

The  latter  view  of  the  subject  comes  perhaps  very  near  to 
the  opinion  of  those,  who  attribute  the  whole  to  diluvial 
action ;  but  it  must  be  remarked,  that,  in  several  of  these 
cases,  we  appear  to  have  the  best  evidence,  that  the  forma- 
tion of  the  tuff  dates  from  a  period  antecedent  to  the  exca- 
vation of  the  vallies.  Thus  the  puzzolana  near  Naples 
seems  to  be  itself  hollowed  out  much  in  the  same  manner 
as  the  older  rocks  which  it  reposes,  and  the  pumiceous  con- 
glomerate of  Hungary  exhibits  inequalities  of  surface  nearly 
as  great,  as  the  oldervolcanic  rocks,  from  whose  destruction 
it  is  itself  derived. 

It  may  also  be  remarked,  that  the  action  of  a  temporary 
deluge,  although  it  might  have  been  the  means  of  detach- 
ing the  loose  fragments  of  which  the  tufi&  are  composed, 
would  not  have  united  them  into  so  compact  and  coherent 
a  mass,  nor  have  given  rise  to  the  formation  of  minerals,  such 
as  felspar,  augite,  mica,  and  leucite,  which  often  appear,  from 
their  perfect  condition,  and  intimate  union  with  the  paste, 
to  have  been  produced  subsequently  to  the  formation  of  the 
aggregate  in  which  they  are  found. 

Such  effects  as  these  seem  to  require  a  much  longer  con- 
tinuance of  the  action  of  water,  than  would  be  occasioned 
by  a  transient  deluge,  and  may  be  best  referred  to  that 
period  of  unknown  duration  during  which  the  tertiary  beds 
were  deposited,  when  the  boundaries  of  the  land  and  sea 
appear  to  have  been  in  a  state  of  frequent  oscillation,  if  we 
may  judge  from  the  proo&  which  the  strata  afford  of  the 
return  of  the  ocean  more  than  once  to  the  spots  from  which 
it  had  retired. 

It  is  perhaps  introducing  an  unnecessary  complexity  into 


414        Arose  out  aj'lhe  circumstances  under  which 

ihe  subject,  to  imagine,  as  some  liave  done,  an  inroad  < 
Bait  and  fresh  water  alternately  taking  place  during' 1 
period  alluded  to ;  for  supposing  a  hike  tu  have  been  ibnoe 
in  an  inland  situation  by  an  irruption  of  ihe  sea,  it  is  eviJ 

dent,  that  provided  an  outlet  existed  whereby  its  redun* 

^^^^^^^L   Bant  waters  might  be  discharged,  the  mere  intlucnce  of  th 
^^^^^^H  nins  and  torrents  would  by  ilegrees  so  diminish  its  ^bieaa 
^^^^^^^H  as  to  render  it  at  length  unfit  for  the  abode  of  any  but  fre^h* 
^^^^^^^1   Ivater  molluscs. 
^^^^^^^1        It  is  obvious  indeed,  that  as  every  freshwater  lake  without 
^^^^^^^^  an  outlet  must  become  more  or  less  impregnated  with  sal 
^^^^^^^B   derived  from  the  streams  that  lluw  into  it ;  so  every  inl^ 
^^^^^^^1  teea  possessing  one,  will,  if  it  maintains  its  level,  become  li 
^^^^^^^L|>rocess  of  time  converted  into  a  freshwater  lake.* 
^V  The  two  seas,  which  may  be  considered  as  expansions  a 

^H  ihe  River  Jordan,  sufficiently  illustrate  botU  these  positional. 

^^^  the  Sea  of  Galilee,  though  situated  in  the  midsi  of  a  1 

^^^L  canic  country,  having  an  outlet,  is  Blled  with  water  equal 

^^^V      A    in  purity  to  the  streams  which  flow  into  it ;  the  Dead  Sea, 
^^^        ^   having  none,  is  impregnated  with  salt  to  a  greater  degrei 
A    even  tlian  the    ocean,    although    the  river,  which  passei 
K  .■i^rough  the  fonner  lake,  is  the  very  same  which  supplies 
With  water. 

We  have  only  therefore  to  imagine,  that  previous  tot! 
final  retreat  of  the  ocean  within  the  limits  at  present  pn 
■scribed  to  it,  an  intermediate  period  existed,  during  wMcl 
e  waters  at  several  successive  times  gained  possession  of  li 
hortion  of  our  continents  ;  but  that  as  these  irruptions  took 
[place  at  distant  intervals,  the  lakes  of  salt  water  left  at  eacF 
retreat  became  gradually  converted  into  freshwater  basins. 
Such  changes  however  could  noi  have  occurred,  without 
"giving  rise  to  phtenomcna  similar  in  some  degree  to  tho! 
appealed  to  as  evidences  of  diluvial  action  ;  but  in  the 
before  us,  the  existing  rocks  would  not  only   be  brokeil 
away  and  washed  into  the  vallies,  but  time  would  have 


*  My  readen  will  rccoUcc 
Ilnllry  accourttcd  for  liie  saUi 


t  ihe  principle, 


I  the  Tertiart/  Jtoclis  were  deposited. 
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red  during  the  continuance  of  the  waters  in  contact 
them,  for  an  union  to  take  place  between  the  frag* 
ts,  and  for  the  formation  of  a  coherent  and  even  coni' 
pact  masB. 

"Whilst  therefore  I  fully  acknowledge  the  probability  ofa 
general  and  simultaneous  irruption  of  water  over  the  face  of 
our  continents,  at  a  period  subsequent  to  the  deposition  of  the 
moat  modern  strata,  and  consider  the  distinction  which  has 
been  established  between  the  effects  produced  by  it,  and 
those  arising  fioin  the  ordinary  action  of  rivers  and  torrenta, 
as  one.of  the  points  in  which  geology  is  most  indebted  to 
the  labours  of  Gnglish  naturalists;  I  cannot  consent  to 
attribute  the  generality  at  least  of  volcanic  tuSs,  to  the 
operation  ofa  cause  comparatively  so  recent. 

The  more  Ihlly  indeed  I  am  impressed  with  the  sound- 
ness of  the  arguments  adduced  in  proof  of  the  reality  of  thif 
event;  the  more  I  am  disposed  to  be  cautious  in  attribu- 
ting to  it  effects,  the  circumstances  of  which  do  not  in  all 
respects  correspond  with  the  conditions  of  the  case. 

Now,  independently  of  the  foregoing  considerations,  it 
seems  highly  improbable,  that  during  the  continuance  of  a 
transient  deluge  those  ejections  of  scoriae  and  pumice,  ot 
those  depositions  of  Neptunian  beds,  should  have  tnk^ 
place,  which  are  found  intervening  among  many  tuffe. 
Neither  would  it  be  philosophical  to  apply  to  those  for- 
mations of  the  same  malerial  which  constitute  a  single 
undivided  mass  an  hypothesis,  which  must  be  abandoned 
with  respect  to  those  which  occur  under  the  circumstances 
above  alluded  to,  since  the  similarity  between  them,  in  point 
of  situation,  as  well  as  in  character,  is  in  many  cases  such, 
as  should  induce  us  to  adopt  an  explanation  which  might 
be  applicable  to  both. 

Such  an  explanation  is  in  my  opinion  suggested  by  the 
sudden  inroads,  and  subsequent  continuance  of  large  masses 
of  water  on  the  spots  in  which  the  tuff  occurs,  and  by  the 
operation  of  subaqueous  volcanos,  during  that  period,  in 
ejecting  loose  masses  of  stone  and  ashes,  which  became  con- 


hai  sabsequendy  undergtme  han  obliterated  th 
ibeni*  The  general  occurrence  however  of  dykei 
these  rocks  are  to  be  met  wiili,  renders  I»f0o  Hf 
improbable  that  craters  should  have  been  pEOcllK 
quite  conformable  to  the  principles  laid  down,  yi 
to  the  degree  of  pressure  exercised  upon  guch  r 
period  of  their  formation.  If  we  consider  indeed 
at  present,  when  the  pressure  of  the  ocean  iu  ret 
lavas  of  Etna  frequently  make  th^r  escape  tli 
flanks  of  the  mountain  instead  of  rising  to  its  s 
can  easily  conceive  the  greatness  of  the  force,  -w] 
be  required  to  elevate  a  mass  of  lava  from  the  int 
earth,  in  spite  of  the  addiUonal  obstacle  opposed 
cumbent  ocean. 

That  the  volcano  in  its  greater  eflbrts  did  n 
triumph  over  these  obstacles,  we  know,  from  t] 
compact  basalt  that  cover  the  face  of  many  distri 
seems  more  probable,  that  the  Utter  originated  f 
which  traversed  the  strata  intervening  between  I 
the  igneous  action  and  the  surface  of  the  ground 
they  were  poured  out  from  a  crater,  as  happea 
the  pressure  of  the  ocean  no  longer  exists. 

That  this  is  really  the  fact  in  some  instances 
think  most  satisfactorily  from  the  knollfl  nf  h< 
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I      wfiicli  tlie  basalt  is  extensively  employed,  was  sufliciemly 
aware  of  the  imporlanl  liglit  which  might  be  thrown  upon 
^v^e  origin  of  such  rocks  by  an  examination  of  this  spot,  and 
^■Kould  have  caused  llie  stone  to  be  quarried  in  a  manner 
^HBch  might  enable  liim  in  time  to  display  distinctly  its 
^^il^exion  with  tliesurrounrling  Btrala.     In  these  indeed,  as 
in  many  other  instances,  where  the  impelling  force  was  less 
powerful,  or  the  quantity  of  matter  acted  upon  leas  con- 
siderable, the  operations  of  the  volcano  were  limited  to  the 
forcing  of  streams  of  lava  through  the  strata,  and  have  not 
given  rise  to  beds  extending  far  over  their  surface. 

PThe  basaltic  masses  met  with  in  the  country  about  Eise- 
nach, and  in  various  parts  of  Hessia,  though  agreeing  in 
many  particulars  with  the  trap  dykes  of  other  countries,  are 
distinguished  from  most  of  the  latter,  by  their  greater  size 
and  wedge-shaped  structure,  no  less  than  by  their  forming 
isolated  knolls  oflen  in  the  midst  of  a  level  country. 

Some  indeed  might  be  disposed  to  consider  the  latter  as 
the  relics  of  a  once  continuous  stratum  that  has  been  swept 
away,  but  I  cannot  reconcile  this  idea  with  their  rare  occur- 
rence, and  with  the  total  absence  of  all  traces  of  them  iti  the  ' 
intermediate  spaces.  It  is  most  probable,  that  if  excavations 
were  made  in  the  other  rocks,  similar  to  those  at  the  Pflaster- 

^JcBUte  and  the  Blaue  Kuppe,  they  might  all  be  found  to  pro- 

HiCaed  from  a  root  or  enormous  dyke  penetrating  far  into  the 

ftciirth. 

|F  The  same  arguments  in  short,  which  persuade  us  of  the 
separate  formation  of  the  trachytic  domes  of  Auvergne, 
seem  to  apply  to  the  basalts  ofHessia ;  for  I  do  not  see,  that 
we  should  be  justified  in  attributing  in  these  cases  any  thing 
more  to  diluvial  action,  than  the  mere  removal  of  a  portion 
of  the  softer  materials,  by  which  these  dykes  were  }>erhaps 
at  first  completely  surrounded. 

The  dykes,  which,  from  their  connexion  with  beds  of 
trap  alternating  with  secondary  strata,  appear  to  be  cosval 
with  the  latter  class  of  formations,  are  sard  to  be  distin- 
guished  from   those  winch  appear  to  have  been  erupted 
S  D 
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during  the  deposition  of  the  tertiary  rocks,  not  only  In  flieif 
smaller  dimensions,  but  likewise  in  the  greater  changes  they 
have  efiected  on  the  contiguous  surfaces  of  the  beds  which 
they  traverse. 

Thus  in  tlie  neighbourhood  of  basaltic  dykes  of  this  age, 
limestone  is  often  converted  into  marble,  claystone  into 
Hinty  slate,  and  sandstone  into  jasper.  Such  changes  would 
seem  to  require  for  their  production  something  more  ihan 
the  common  application  of  a  heated  body  ;  for  it  is  by  no 
means  so  usual  to  find  a  rock  altered  in  the  parts  wtiich 
immediately  support  a  bed  of  trap,  as  it  is  in  those  wliicli 
are  traversed  by  the  very  same  material  in  the  form  of 
a  dyke. 

Perhaps  indeed  the  action  of  a  continued  stream  dC 
melted  matter,  fresh  iVom  the  focus  of  the  volcano,  might 
be  expected  to  produce  more  decided  eS'ects  upon,  the 
walls  of  the  fissure  traversed  by  it,  than  would  be  occa- 
sioned by  a  mass  of  the  same  spread  out  over  the  coot  and 
damp  surface  of  a  rock ;  since  the  heat  in  the  former  case 
must  be  at  once  more  considerable  and  continued  for  a, 
longer  period.  Even  the  pressure  exerted  upon  the  con- 
tiguous surfaces  by  the  matter  injected  through  the  tock 
may  contribute  in  some  degree  to  the  ettect,  and  if  there  be 
really  that  distinction  between  dykes  of  older  and  younger 
formation,  which  has  been  above  hinted  at,  it  is  possible 
that  it  may  have  arisen  from  the  diminished  force,  wiiU 
which  the  lava  was  propelled  through  the  substance  of  the 
rock,  when  the  resistance  of  the  ocean  above  had  beeS  ia 
great  measure  taken  oft'. 

In  the  case  of  the  dykes  of  Monte  Somma,  which,  Moiu> 
Neckar  remarks,  have  produced  no  change  on  tlie  cootigti* 
ous  stratum,  I  should  attribute  more  to  the  nature  of  the 
rock  which  they  traverse,  than  to  any  difference  in  the  dykes 
themselves.  It  is  natural  to  expect,  that  the  effect  should 
be  proiwrtionatc  to  the  compactness  of  the  foroier,  and 
therefore  that  a  stream  of  the  same  melted  matter  would  pro- 
duce a  more  decided  alteration,  in  passing,  through  a  bed  of 
granite  or  limestone,  than  one  of  tuft' or  gravel. 
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There  is  one  species  of  alteration  however,  which,  if  we 
ilieve  Von  Bucb,  is  effected  by  volcanic  rocks  of  every' 
and  kind.  It  consists  in  the  conversion  of  comiDon  lime- 
'fltone  into  dolomite,  or  in  other  words  in  the  impregnation 
calcareous  matter  with  magnesia,  derived,  as  he  supposes 
itn  the  augite  of  the  basaltic  rocks  contiguous. 
I  have  before  aJiewn  the  impoasibility  of  applying  this 
>1&nation,  as  Von  Buch  has  attempted  to  do,  to  the  dolo- 
mite found  near  the  volcano  of  Gerolstein  in  the  Eyfel.* 

In  the  south  of  tlie  Tyrol,  where  the  magneaSan  limestone 
is  greatly  developed,  Von  Buch  attributes  ila  formation  lo 
existence  of  augite  porphyry,  upon  which  it  is  always 
Hind  incumbent.t  He  supposes  this  porphyry  to  have 
itered  the  original  compact  licneetone,  discoloured  it,  de- 
(Toyed  the  organic  remains  which  it  before  contained, 
changed  it  into  granular  dolomite,  and  thrown  it  up  so  as 
to  form  the  iofty  colossal  precipices  which  it  at  present 
exhibits. 

n  the  mountain  of  St.  Agatha  near  Trent,  the  change  i» 

manner  exposed  to  our  view,  in  the  numberless  (issuresi 

hich  traTerse  the  limestone  summit.     In  this  rock  are  situ- 

the  lead  and  calamine  mines  of  Bleyberg,   Carinthia, 

:hwartz  in  tbe  Tyrol,  &c.  which  Von  Buch  supposes  to  be 

uijected  by  the  same  cause  which  elevated  the  entire  mass, 

and  introduced  the  magnesia.     To  the  same  agency  he  at*' 

uibutes  the  caverns  which  occur  so  frequently  in  magnesian 

limestone. 

^But  it  is  dear,  that  many  6f  these  phenomena, which  AM 
pealed  to  as  proofs  of  the  action  of  fire  upon  the  lime- 
ine,  At>  In  reality  occur  in  situations  where  no  such  in- 
ence  can  be  suspected  ;  for  there  is  no  more  probability, 
'fliat  the  magnesian  limestone  of  this  country  for  example 
has  been  formed  or  altered  by  volcanos,  than  any  atherj  1 
throughout  the  whole  series  of  secondary  formations. 

"  See  my  First  LMture,  p.  58,  53. 

t  Uber    Dolomilc  «U  cine  GebirgMTl.     A    Paper  read   bcrore  tlie  Royal 
L  ^Mtll^iay  orBectia,  and  QDliced  in  PeruiiiBt'g  BulIeUn  dn  Science!, 
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Even  viere  we  to  admit,  that  in  some  cases  the  occurrenfce 
of  dolomite  is  attributable  to  volcanic  action,  the  manner  in 
which  Von  Buch  supposes  it  to  have  obtained  raagnesk, 
seems  equally  incomprehensible ;  for  it  is  difficult  to  con- 
ceive so  uniform  au  admixture  of  this  earth  with  the  other 
ingredients  to  Lave  taken  place,  without  supposing  the  latter 
to  have  been  reduced  to  fusion,  and  then  how  did  the  lime- 
stone chance  to  escape  all  admixture  with  the  other  ingre*' 
dients,  which  tlie  volcanic  matter  contained  ?• 

Upon  the  wholo  I  believe  most  persons  will  agree  wilh 
me,  in  considering  the  above  hypothesis  as  unworthy  of  the 
distinguished  geologist  from  whom  it  emanetes,  and  in  coi^'A 
demning  it,  as  at  once  gratuitous  in  its  assumptions,  not 
very  comprehensible  in  its  details,  totally  inapplicable  to 
most  of  the  cases  it  is  intended  to  explain,  and  unnecessal^ 
to  be  resorted  to  in  any. 

I  have  only  indeed  been  induced  to  dwell  upon  it,  fW)rt 
the  respect  I  entertain  for  the  services  of  this  geologist  in 
the  particular  branch  of  the  study  which  forms  the  subject 
of  these  Lectures^  services,  which  are  so  great,  as  almost  to 
give  a  sanction  to  any  error  which  he  may  have  committed, 
and  therefore  render  it  the  more  necessary  for  us  to  ask  our- 
selves, whether  in  adopting  his  opinions,  we  are  goy^med. 
by  the  cogency  of  his  arguments,  or  the  authority  of  1^ 
name.  '       r 


The  products  of  igneous  action,  fVom  the  earliest  period 
down  to  the  formation  of  the  chalk,  may  be  referred,  if.J 
mistake  not,  to  this  third  class.  Consistently  with  the  &ot 
of  the  greater  depih  of  the  ocean  at  that  period,  the  charac- 
ters that  distinguish  them  from  the  more  modern  lavas  are, 
greater  freedom  from  celliilarity,  the  more  frequent  occtic- 
rence  of  crystalline  minerals  imbedded,  and  the  more  stony 
aspect  of  the  rocks  themselves. 


I 


i»  that  in  some  cane*  Mrpcntinc 
dolomild.  Mr.  Hmche\  Utit 
Edinb.  Phil'.  Journ.  Vol.  3. 
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1  favour  ol'  lliis  adnuxtuic. 
between  the  trap  rock  aa(t 
cnae  of  tins  kiad  in  the  Tyrol.    See 
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With  regard  to  the  6rst  of  these  distinctions  I  may  re- 
mark, that  the  cells  and  cavities  never  seem  to  occur  unoccu- 
f  |H€d  by  crystalline  matter,  insomuch  thai  I  was  at  first  in- 
"  led  to  believe,  that  the  occurrence  of  the  latter  may  have 
sen  the  cause,  instead  of  the  effect,  of  the  vacuities,  the 
irbonate  of  lime  and  other  minerals  having,  as  Sir  James 
Hall  ingeniously  suggests,  when  ii  entered  into  fusion  with 
I  wliinstone,  kept  separate  from  it,  as  oil  separates  from 
water,  thus  giving  rise  to  the  spherical  form  which   the 
nodules  of  calcareous  spar  generally  exhibit  with  more  or 
less  regularity.*    Bui  the  existence  of  hollows  only  partially 
^t^ed  with  zeolites  and  other  crystals  shews,  that  such  an 
^HKplanation  will   not  apply  to  ell  the  cavities  that  occur 
^^UlbEtsnlt,  and  farces  us  to  admit,   that  even  under  this  vast 
^^Vessure  the  gaseous  materials  generatetl  in  the  melted  mass 
^Bvould  in  some  cases  cause  cells  and  vesicles  in  the  midst  of 
^^^    These  however  had  no  sooner  been  formed,  than  they 
were  filled  by  infiltrations  of  cijstaHine  matter,  squeezed 
into  them  by  the  pressure  exerted  from  above;  whilst  in 
I      more  modern  rocks,  the  cavities  remain  in  general  vacant, 
I^Uie   circumstances  of  the  case  being  unfavourable  to  the 
^Hjttisience  of  such  minerals. 

^B  With  regard  to  the  last  distinction  alluded  to,  I  am  in- 
^^Uincd  to  doubt  whether  vitreout§  rocks  are  to  be  met  with 
^^p  beds  amongst  the  members  of  this  class  of  formatioTis; 
^y^r  it  seems  not  improbable,  that  the  pilchstones,  which 
occur  in  stratiform  masses  pervading  the  sandstone  of  Arran, 
may  prove  to  be  horizontal  veins.     This  however  will  per- 

Eye  appear  almost  a  dispute  about  words,  after  what  I  said 
h  respect  to  these  rocks  having  in  general  originated  from 
ites  alone ;  for  it  seems  a.  natural  consequence  from  this 
w  of  the  subject,  that  the  distinction  between  beds  and 
veins  must  be  understood  in  a  sense  different  from  that,  in 
which  those  terms  are  usually  employed.  What  I  mean 
however  to  convey  is,  that  volcanic  rocks  of  this  age, 
(irhen   they  occur    in    extensive    masses,   do  not   usually 
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put  on  a  vitreous  iiBpect,  und  that  it  is  cliiefly  when  tfcey 
have  been  thrown  out  !n  small  tletaclied  masses,  that 
pitchstones  have  been  formed,  sa  it  was  only  in  such 
cuses  that  the  cooling  process  went  on  with  sufficient 
ra])idity. 

There  are  siRny  facts  indeed  to  be  collected  from  natural 
as  well  as  artificial  processes,  which  prove,  that  the  same 
materials  may  form  piLclistone,  or  basalt,  according  to  tlie 
rapidity  with  which  they  have  cooled.  Thus  in  the  Isle  of 
J^amlash  off  the  coast  of  Arran,  I  observed  a  dyke,  ikc 
centre  of  which  was  of  basalt,  the  aides  of  pitchstone,  and 
Dr.  Macculloch  has  noticed,  that  where  veins  of  basalt  rami i^ 
into  slender  lilaments,  these  gradually  become  pitchstone. 

Now  as  I  am  not  aware  that  pressure  can  have  any  in- 
fluence upon  the  formation  of  vitreous  products,  except  so 
far  as  it  tends  to  render  the  cooling  process  less  rapid,  it  is 
quite  consistent  with  theory  to  find,  that  these  portions, 
which  from  the  smallness  of  their  dimensions,  present  a  con- 
siderable surface  from  which  heat  could  be  abstracted, 
shoidd  pas3  more  frequently  into  pitchstone  than  masses  of 
greater  bulk  and  thickness. 

The  more  gradual  cooling,  which  took  place  in  submarine 
lavas,  may  likewise  account  for  the  re^lar  prismatic  struc- 
ture which  distinguishes  them  from  those  of  more  modern 
date.  The  latter  indeed  sometimes  exhibit  a  cleavage  at 
right  angles  to  the  direction  of  iheir  bed,  which  has  been 
compared  to  the  columns  of  basalt;  but  is  in  reality  di^ 
tinct  from  it,  as  it  arises  merely  from  the  shrinking  pro- 
ducetl  by  a  diminution  of  temperature.*  In  basaltic  roclu 
on  the  contrary,  tlie  prismatic  form  arises,  as  has  been  well 
explained  by  Mr,  Gregory  Watt  in  the  paper  alluded  to,f 
from  the  natural  tendency  which  they  possess  to  form 
spherical  concretions,  which,  pressing  mutually  upon  each 
other,  will  be  converted  into  prisms,  hexagonal  where  the 
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tezmre,  rontraclton,  and  adhesion  to  surrounding  itub- 
sUinces  is  every  where  uniform,  but  deviating  inlo  nume- 
rous iiTegularitiea  in  consequence  of  variations  in  the  above 
conditions.  Hence  the  prisms  in  the  last  case  so  approxi- 
mate, that  oflen  not  even  the  blade  of  a  knife  can  be  passed 
between  them ;  whereas  in  prismatic  conci'etions  occasioned 
by  shrinking,  the  very  cause  assigned  implies  that  a  vacancy 
is  leA.  For  the  same  reason  the  latter  are  never  separated 
longitudinally  into  joints,  as  is  frequently  the  case  with 
columns  of  basalt. 

Columnar  basalt  is  however  ti-equent  among  tertiary  vol- 
canic rocks,  and  is  even  found  in  a  few  instances  amongst 
the  most  modem,  if  those  of  the  Vivarais  and  of  tbe  Eyfel 
arc  to  be  placed  in  this  class ;  but  I  am  not  aware  of  such 
(I  rock  being  formed  by  the  action  of  any  existing  volcano. 
No  genuine  articulated  columns  at  least  occur  either  at 
Vesuvius  or  Etna,  for  the  rocks  of  Casiello  d'Aci  and  the 
Cyclopean  Islands  are  not  derived  from  tbe  present  volcano. 
It  may  be  remarked,  that  in  the  cases  alluded  to,  the  basalt 
is  always  seen  covered  by  a  bed  of  scoris  or  some  other  sub- 
stance, which  might  have  prevented  the  too  sudden  abstrac-  i 
tion  of  heat. 

There  is  also  this  further  distinction. — In  antient  volcanic 
products  no  difference  of  compactness  or  texture  exists  be- 
tvreen  the  upper  and  lower  portions  of  a  bed,  such  as  would 
indicate  a  more  sudden  cooling  or  a  greater  evolution  of 
elastic  matter  in  the  superficial  portions,  as  is  generally  the 
case  with  tliose  of  the  present  day.  This  obviously  may  be 
referred  to  the  existence  of  a  body  of  pressure  in  the  former 
case  independent  of  the  mass  itself,  whereas  in  the  latter  the 
increafing  weight  of  matter  from  above  downwards  alone 
tended  to  check  the  formation  of  cavities,  and  the  more 
rapid  cooling  on  tlie  surface  was  calculated  to  render  the 
structure  more  vitreous. 

In  these  points  the  characters  of  the  preceding  rocks  pre- 

tgent  a  diSerence,  even  with  reference  to  those  belonging  to 
the  second  class  which  are  associated  with  tertiary  ybrma- 
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lions,   akhougli  a  less  striking  one  than   with  ihe   most  - 
modern ;  but  the  most  decided  line  of  separation  between 
the  two  former   arises  from   the  nature  of  the  fragments,  tt 
that  occur  in  the  tufls  with  wliich  they  are  respectively 
associated. 

In  the  tertiiiry  volcanic  formations  these  consist,  partly  of 
roinpnct,  partly  of  scorifomi  materials,  the  former  probably 
consisting  of  the  debris  of  contiguous  rocks ;  the  latter,  of 
•  the  matters  ejected  by  the  volcano. 

But  the  tufl^  of  secondary  origin  contain  no  other  varieties 
of  cellulur  lava  but  what  are  amygdaloidal,  neither  do  we 
meet  with  l^osc  vitreous  products  so  common  in  the  more 
modern  tuffs.  I  doubt  indeed,  whether  a  single  fragment 
of  pumice  or  obsidian  i»  to  be  found  amongst  the  tufls  of 
this  age,  and  even  pitchslone  and  pearUlone  arc  rare  1 
accidents. 


It  now  only  remains  to  be  inquired,  up  to  whal  point  it 
may  be  necessary,  according  to  the  principles  laid  down,  to 
suppose  the  operation  of  fire  to  have  extended ;  for  if  the 
secondary  trap  rocks,  from  the  analogy  they  bear  to  motiem 
lavas,  are  to  be  pronounced  volcanic,  it  then  becomes  4' 
question,  whether  the  greenstones,  syenites,  and  granites 
of  primitive  formation  ought  not,  from  their  connexion  with- 
trap  rocks,  to  be  regarded  as  analogous.  | 

In  a  Memoir  on  the  Volcanos  of  Auvergne,  which  I  in- 
serted in  the  Edinburgh  Phil,  Journal  for  1821,  I  took  oc-^ 
casion  to  remark,  that  there  seemed  no  absurdity  in  supjwS' 
ing  that  some  trap  rocks  might  be  oi  aqueous  origin,  inus- 
much  as  there  existed  an  uninterrupted  transition  fr>3m  them 
into  greenstone,  syenitic,  and  granitic  rocks,  respecting  tlie 
fonnation  of  which  the  geological  world  is  still  divided,  ll 
is  evident  indeed,  that  the  question,  with  respect  to  the  hom- 
blende  rocks  associated  with  granite,  rests  precisely  on  thi 
same  footing  as  that  with  respect  to  granite  itself,  and  if 
primitive  greenstone  be  of  Neptunian  origin,  who  will  pre* 
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^nd  lo  deny,  ttat  even  some  of  the  trap  rocks  associated 

witli  secondary  formations  may  not  be  so  also  ? 
.t'  Unless  therefore  the  origin  of  granite  be  admitted  to  be 
finally  determined,  I  conceive  it  premature  to  dogmatize  with 
respect  to  the  universal  volcanic  origin  of  flcetz  trap  forma- 
tions ;  all  we  can  be  warranted  in  doing  in  the  mean  time, 
is  to  state  from  a  careful  examination  of  particulars,  that 
such  and  such  members  of  the  series  appear  to  be  so  formed. 
As  so  much  therefore  depends   upon  the  conclusions  to 
which  we  may  arrive  with  respect  to  the  origin  of  granite 
Itself,  let  us  proceed  to  consider  briefly  the  arguments  that 
-  have  been  brought  forward  for  and  against  the  igneous  for- 
:  matiou  of  this  rock. 
^^•Thc  analogy  already  pointed  out  between  granite  and 
ki trachyte  may  appear  to  some  an  argument  in  favour  of  the 
■  igneous  origin  of  the  former,  whilst  others  may  be  disposed 
to  view  it  in  quite  the  contrary  light.     By  the  former  it  may 
be  said,  that  we  have  no  instuice  of  any  rock  composed 
principally  of  felspar,  which  is  known  to  be  produced  by 
water,  whereas  trachyte  and  most  lavas  supply  cases  of  its   1 
.  ibrmatiun  by  heat ;  aiid  that  the  analogies  between  the  two   '■ 
rocks  are  such  as  seem  to  imply,  that  tlie  process  from  which 
they  resulted  was  the  same  in  kind,  and  difiered  only  in  some 
subordinate  circumstances. 

The  advocates  for  the  contrary  opinion  may  on  the  other 
hand  contend,  that  the  presence  of  quartz  in  granite  is  ad- 
verse to  the  idea. of  its  having  undergone  fusion,  since  in  a 
state  of  litiuefaction  the  sUica  of  that  mineral  ought  to  have 
attracted  the  alumina  derived  from  the  mica,  and  formed 
felspar,  as  it  has  done  in  the  case  of  trachyte. 

TLe  most  cogent  argument  in  favour  of  the  igneous  origin 
*»f  granite  is  derived  from  the  analogy  between  the  dykes  it 
1  wnds  out  into  the  contiguous  rocks,  and  those  which  pro- 
ceed from  basalt.     But  it  must  be  confessed,  that  although 
there  are  many  appearances  of  the  kind,  which  lead  us  to 
tfUBpcct  an  igneous  injection  of  the  matter  of  the  vein,  yet, 
I       on  a  calm  survey  of  the  phxnoitwiia,  there  will  be  found  to 


Arguments  Jbr  and  agaitul  L 


ice  afforded  il 


I    ^^^      ve 


4S6 

be  a  want  of  that  direct  and  conclusive  evia 

the  case  of  whin  dykes.  -   ■ 

J  have  myself  examined  the  greater  nuniber  of  local 

Great  Britain,  appealed  to  by  the  Plutontsts  as  the  i 

iumpliant  proofs  of  their  hypothesis,  and  I  may  state,  i 

in  no  spot  have  I  seen  the  phEsnomena  of  granitic  dykes  a 

well  displayed  as  on  the  coast  of  Cornwall.     Yet  even  thef 

came  to  the  same  conclusion  as  that  expressed   by  t 

riend   Professor  Sedgwick,*  whose  exemption  from  i 

leoretical  bias  in  favour  of  the  Wernerian  doctrines  i 

llaj'dly  be  disputed,  and  whose  authority  1  bad  rather  a 

duce  than  ray  own  in  support  of  an  opinion,  taken  up  it 

opposition  to  that  of  many  distinguished  naturalists  of  tl 

pre  son  I  day, 

.-    After  a  detailed  account  of  the  phiEnomena  of  these  i 

iQ  llie  general  accuracy  of  which  1  can  speak,  the  coacitt* 

sion  to  which  he  arrives  is,  that  we  have  no  other  alternative] 

but  that  of  considering  them  coniempovaneous   with  die 

rocks  through  which  they  pass,  as  the  position  in  which  the] 

"leda  of  killas  rest  on  the  uneven  sarface  of  the  granite,  ai 

Iheir  undisturbed  direction,   where  most  traversed  bjp^ 

veins  above  described,  are,  as  he  thinks,  irreconciliable  wit 

the  idea  of  subsequent  injection. 

In  many  cases  too  granite  seems  to  pass  by  suck  r  _ 
idations  into  gneiss,  that  it  is  impossible  to  lix  (be  [KWl 
where  the  one  rock  begins,  and  the  other  terminates ;  so  that 
if  the  igneous  theory  be  maintained  with  respect  to  the  o 
tbal  of  oil  other  primitive  rocks  seems  to  follow. 

Dr.  Boue,  who  has  distinguished  hiniself  by  sever^  able< 
and  elaborate  memoirs  on  Scotland,  Germany,  and  varioui 
.other  parts  of  the  continent,  imagines,  that  this  apparent 
transition  arises  from  the  action  of  the  granite  upon  tba 
.rock  contiguous,  which  it  altei's,  and  in  a  manner  assimilater 
toilself.t'" 

•   Swhispaper  in  theCambridge  PhiloaophloRl  Trsnsoctions.    Vol.  I. 
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pus  in  the  Pyrenees,  the  granites,  which,  according  to 
llicd  with  Tocks  of  augile  and  seipenUne  in  such  a 
Siner  as  to  indicate  a  common  origin,  have  been  thrust 
*'  through  the  midst  of  a  formation  of  transition  clay  slate^ 
1  and  the  latter,  as  it  approaches  these  rocks,  is  converted, 
l^^ft  into  mica  date,  and  afterwards,  when  in  closer  contact, 

^^^^8  view  of  the  subject  will  doubtless  tend  to  do  away 
BRn  some  of  the  ditlicitlties,   which  bf:set  the  Hutlonian 
th«ory  as  originally  proposed,  and  I  am  only  disposed  to 
i  object  to  the  admission  that  it  is  supported  by  the  same 
<legree  of  evidence,  as  that  which  may  be  adduced  in  favour 
>«f  the  igneous  origin  of  whin  dykes,  and  the  rocks  immedi- 
ately dependent  on  them. 
*  ■     Tlie  question  with  regard  to  granite  at  present,  seems  to 
;  i-est  on  about  the  same  footing  as  that  which  concerned 
••  basalt  did  some  years  ago,  when  a  very  large  and  respectable 
I  body  of  geologists,  with  Werner  at  their  head,  saw  no  suffi- 
\  cieiiL  jcason  for  admitting  trap  rocks  to  have  been  formed 
f  in  a  ditli?rcnt  manner  from  the  strata  with  which  they  are 
('Ifisocjated.     Werner,  it  is  true,  has  been  severely  censured 
(^ly  some  geologists  of  the  present  day ;  but  I  apprehend,  that 
he  is  to  be  blamed,  not  for  having  withheld  his  assent  to  the 
■  propositions  of  the  vulcanists,  at  the  time  when  he  first  pro- 
mulgated his  views ;  but  for  having  subsequently  neglected 
I  to  hold  out  to  his  pupils  the  question  as  one  which  required 
iurthcr  investigation ;  and  that  the  opinions  which  he  had 
taken  up  in  early  life  on  this  subject  would  in  no  degree 
4tavc  lowered  his  reputation,  had  they  not  been  adhered  to 
with  so  much  i>ertinacity  to  the  end  of  his  career  in  8jH|»of 
evidence  subsequently  brought  together.*  ^K 

"  Some  allowtnce  twrBMheless  ought  to  be  made  for  Werner,  when  we 
conaiiJer  the  sdvasMd  period  of  life  to  whieh  he  had  BtMined,  before  the  evi- 
dence in  favour  of  the  igneoui  origin  of  trap  rocks  hail  arrived  ul  that  degree 
of  concluiivcnen  which  would  have  juilified  a  decided  opinion  on  the  aub- 
jeet.  1(  was  bis  niialbi'lnne  indeed  in  sonie  measure  to  have  oulljved  hia 
le  when  geology  was 
ds  liap|>riicd,  It      "  ■ 
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*.Jn  lite  nuiimer^  I  hope  it  will  not  argue  any  latent  Uli 
in  favour  oC^lie  exploded  doctiines.of  the  W^rnerian  fly8tei|||r 

In  order  therefore  to  form  a  fkir  and  csandid  estimate  of  his  scientific  iiieril%.^ 
we  ought  to  view  him  at  the  commenoement  of  his  career,  or*  at  teaat  canf 
our  ideas  aa  far  back  as  the  period  at  which  his  school  waa  leaotted  to  bj 
indiyiduals  of  almost  ^\ery  nation,  as  the<mly  then  existing  source  of  sooad 
and  practical  information  on  the  subjects  whidi  he  taught.  . «. 

Geology  indeedy  as  it  was  studied  at  Freyburg,  bore  at  that  time  aboaf  i|p  i 
same  relation  to  its  condition  elsewhere,  as  History  does  to  Mytholagy,'t^j 
Chemistry  to  Alchemy;  and,  if  it  be  objected,  that  even  Werner  didii^|^ 
altogether  emancipate  himself  from  the  iablea  and  ejiimzraa  that  ooonp^f^^ 
brethren  elsewhere,  it  may  be  answered,  that  his  defenders,  at  least  at  the  pNftaat 
day,  neither  claim  for  him  infallibility,  nor  an  exemptionfrom  huaunMfirmitiai. 

I  believe  it  may  be  laid  down  as  a  general  law,  though  it  la^iMiB-no  doubt 
suflficiently  mortUyingy  not  oply  that  the  groundwork  of  every}.|iiiiig^|^eat  and^ 
good  achieved  by  the  human  mind  in  whatever  line  is  laid  during  the  ^s^ 
^urty  years  of  life,  but  that  the  opinions  and  researches,  that  appear  to  origiB||[i>., 
'■JiiBrwards,  have  received,  for  the  most  part,  fill  but  their  fiuaX  d^vekpaHF' 
daring  the  same  period.  '  ''  .- 

To  say  therefore,  that  Werner's  geological  syatem  partook  ni.SrBt  oK'fke  ii 
perfections  belonging  to  a  new  branch  of  knowledge,  and  that  in  his  adi 
years  he  felt  reluctant  to  modify  it,  as  a  younger  man  might  have  done,  iapi»; 
portion  to  the  new  light  that  the  science  had  reoeivedy'ia  a  liptoonch-^ndeed, 
but  one  whic|i  applies  too  generally,  to  bear  very  heavily  on  Iiis  individusl 
reputation. 

It  is  also  said,  that  he  gave  an  undue  prominence  to  theoretical  opiniflBi| 
and  inculcated  as  dogmas,  what,  after  all,  ought  only  to  have  been  brought 
forward  as  hypotheses. 

.  But  some  excuse  ought  in  candour  to  be  made  to  a  popular  Lecturer, 
ivho,  in  the  warmth  of  extemporaneous  speaking,  may  sometimes  indulge  in 
speculations,  which  he  himself  would  hardly  deem  admissible  in  his  published 
writings ;  and  if  his  disciples  in  some  cases  have  chosen  to  build  their  faith  on 
figments,  which  were  introduced  perhaps  chiefly,  to  cnli>*en  the  dryness  of  prac- 
tical details,  they,  and  not  their  master,  are  to  blame. 

Without  therefore  professing  that  blind  admiration  for  Werner,  which  his 
pupils  at  one  time  appear  to  have  entertained,  I  cannot  help  considering,  that 
the  branch  of  natural  history  which  he  cultivated  is  greatly  indebted  to  his 
exertions ;  and  though  the  time,  it  ipust  be  confessed,  is  gone  by,  in  which  an 
addiction  to  the  tenets  of  tliis  or  any  other  School  of  Geology  can  be  defended, 
yet  I  am  upon  the  whole  inclined  to  think,  that,  np  to  a  certain  point  in  the 
progress  of  this  science,  even  the  exaggerated  opinion  entertained  with  re- 
spect to  the  merits  of  the  Wernerian  system  may  have  had  its  use,  as  tending 
to  inculcate  more  fully  those  principles  of  classification,  and  that  method  of 
discriminating  rocks  and  minerals,  which,  with  all  their  imperfections,  must  be 
allowed  to  possess  no  slight  superiority  over  preceding  ones,  and  to  have  faci- 
1 1  luted  upon  the  whole  the  advances  that  have  been  since  made  in  this  braiidi 
of  knowledge. 
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leiispend  for  ibe  present  my  opinion  with  resiiect  to  the 
gin  of  granite ;  provided  only,  that  I  do  not  al  the  same  , 
le  follow  the  example  of  Werner,  in  interesting  inyscifao 
'on  the  opposite  side  of  the  question,  as  to  receive  with 
Uctance  or  incredulity  the  facts,  which  may  perhaps  here- 
atter  serve  to  place  the  Plutonic  theory  on  a  less  question- 
able foundation. 

Indeed  if  we  would  avoid  in  future  those  oscillations  of 
opinion  on  matters  of  geological  theory,  which,  whenever 
they  occur,  serve,  like  vacillation  in  practical  maltera,  to 
betray  the  infant  state  of  the  study  itself,  we  must  not  adopt 
the  opinions  of  the  PlutonistH,  merely  because  they  may  be 
more  probable  than  those  opposed  to  them,  but  should  be 
content  to  wait,  until  the  evidence  insupport  of  them  arrives 
I  at  such  a  degree  of  force,  as  to  place  the  theory  on  a  level  in 
point  of  credibility  with  those  systems,  which  are  received 
ill  other  departments  of  science  as  established. 

One  of  the  questions  which  require  to  be  more  fully  eluci- 
dated, before  the  origin  of  granite  can  be  viewed  as  deter- 
mined, is,  whether  this  rock  be  ever  found  intruding  its^ 
into  the  midst  of  modern  strata,  as  might  be  expected  to  be 
jihe  case,  if  it  were  analogous  in  its  ofigio  to  basalt.  One 
^stance  has  indeed  been  lately  brought  forwards,  in  which 
this  rock  is  said  to  rest  on  a  very  recent  limestone  at  Pre- 
dazzo,  in  the  Tyrol.  The  superposition  is  affirmed  by^' 
Maraschini,  Eoue,  and  others ;  but  it  is  questioned  by  Von 
Bueh,  who  imagines,  1  believe,  a  fault  to  have  taken  plaq^ 
wliich,  by  turning  the  slrala  completely  over,  has  produced 
^^3^  delusive  appear &nce  described. 

^^HThe  same  tmcerisiaty  seems  to  exist  with  r^ard  to  the 
^^nmation  of  serpentine,  as  to  that  of  granite.  In  the  Lizard, 
district  of  Cornwall,  where  rocks  of  the  former  kind  exten- 
sively occur,  the  impression  Icfl  upon  my  mind  was,  that  the 
origin  of  the  serpentine,  greenstone,  and  clay-slate,  was' 
■  probably   the  sante^  and  those  who  will  peruse   Professor 
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Sedgvick's  paper  on  that  country,  wilt,  I  think,  urivc  al  6 
same  conclusion. • 

Nevertheless  in  other  situations  serpentine  seetbs  la  ftm 
dykes,  possessing  all  the  charactera  of  i^ieous  injectica 
which  distinguish  (hose  of  trap.     My  friend,  Mr,  I-'y«U,  I 

"Secretary  to  the  Geological  Society,  has  described  one  d 
this  kind  in  Forfarshire,  and  Dr.  Bou6  has 'communicate 
me  other  instances  observed  by  Von  Buch  aiid  himself,  i 

Various  parts  of  the  continent. 

The  existence  however  of  a  cenlrnl  heat,  which  some  n 
gard  as   demonstrated,   may   appear   to  lend  cottaidcrabk  ' 
weight  to  the  Plutonic  theory,  and  accordingly  deserves  ii 
short  notice  in  this  place. 

—tin  a  late  number  of  the  Annals  of  Philosophy,  is  » 
Ifsnious  paper  by  Sir  Alexandci'  CricIUon,t  in   wUcb  i 
necessity  of  supposing  the  earth  to  be  hotter  in  the  il 
than  it  is  at  the  surface,  is  inferred  from  the  high  tempefi^^ 

tre  which  he  supposes  to  have  prevailed  ia  the  AntedUuvifte>' 
orld.     This  notion,  which  heenteitains  in  comiooa  villi    , 
Humboldt  and  other  distinguished  NsttiraltSts,    b  diic^ 
derived  from  the  existence  ol'iinprcssions  of  tropiciil  plani 
in  tlie  coal  strata  even  of  the  most  northern  regions,  frol 
which  it  seems  fair  to  infer,  that  the  climate  enjoyed  «ttJ 
periods  was  equal  to  that  in  which  tbeBO  vegetables  thrive  I 
present. 

Even  at  a  much  later  epoch  than  this,  during  the  for 
lation  of  the  beds  above  the  chalk,  a  tropical  climate  seeisi 
have  prevailetl  in  the  latitude  of  London,  as  appears  froM 
^the  specimens  of  cocoa-nut  and  other  analogous  vegetabU 
found    in    the    Isle   of  Sheppcy ;   so  that,   as  Mr. 
JConyhettte  observes,^  we  may  figure  to  oufselvea  the  bigj 
lountain  tracts,  which  at  that  time  had  raised  their  b 


•  Scehiapftpar  "  On  ihePbysical  Slruolure  of  theLi»rd  Diitricl," 
CBDlbriilKe  PliiL  Trans. 
+  AnnalaoFPlijliwophy  for  November  and  December,  1825. 
I  Coiiybesre  and  Phillips'  Geology  of  En  glaud  sndWMefl,  p.  30. 
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Jove  tlie  waters,  as  forming  a  groupe  of  spice  islands,  fre- 
Inented  by  the  turtle  and  the  crocodile. 
Ll  feel  th^^fore  much  less  disposed  to  object  to  this  part 
Sir  A.  Cricbton'a  theory,  thwi  to  that  in  winch  he  refei-s 
S^high  temperature  to  the  fusion  of  the  primitive  rockv  , 
'-which  he  explains  in  the  following  manner.  ■    ^ 

The  nucleus  of  the  globe  consists,  he  says,  of  the  metallic 
bases  of  the  earths  and  alkalies,  which,  in  the  beginning  of 
things,  took  fire  from  the  contact  of  air  and  water,  and  pro- 
duced by  their  combustion  granite.  The  latter,  retaining  its 
temperature  for  a  very  long  period,  would  impart  to  the  earth 
a  source  of  heat  independent  of  the  solar  rays, which  must  have 
gone  on  progressively  diminishing  down  to  the  present  time. 
But,  as  the  earth  must  be  supposed  to  have  parted  with 
enough  of  its  caloric,  to  allow  of  the  existence  of  certain 
animals  as  early  as  the  epoch  of  the  transition  rocks,  how 
comes  it,  that  it  did  not  sink  below  the  standard  of  tropical 
heat  by  the  time  the  coal  formation  was  created,  or,  grant- 
ing it  an  equinoxial  temperature  then,  ought  it  not  at  least 
to  have  become  loo  cold  for  the  existence  of  crocodiles,  and 
the  growth  of  spices  in  this  latitude,  at  a  period  so  distant  as 
that  of  the  tertiary  formations  J 

Nor  can  it  be  contended,  that  the  earth  was  receiving 
from  time  to  time  fresh  accessions  of  heat  by  the  continu- 
ance of  the  same  process  which  lirst  gave  rifie  to  it,  for  we 
have  no  proof  of  any  general  eruption  of  granitic  matter 
having  taken  place  at  a  period  subsequent  to  that  of  the 
transition  strata,  and,  even  if  we  admit,  that  there  are  cases, 
like  the  still  disputed  one  of  Predazzo,  in  which  granite  has 
been  thrown  up  at  a  comparatively  recent  period,  such  local 
occurrences  would  have  but  little  influence  in  modifying  llie 
general  tempei'ature  of  the  earth's  suri^c. 

Neitheir  would  it  seem  altogether  satisfactory,  if  wewei-ff^^t 
to  suppose  that  the  heat  in  the  iiilerior  of  the  globe  has  been 
kept  up  by  the  volcanic  action  continued  from  the  earliest 
period  down  to  the  present ;  at  least  until  it  shall  have  been 
proved,  that  the  temperature  is  highest  in  those  spots  itrQund 
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I  which  these  processea  appear  to  go  on  with  the  greatest  in 
K  tensity,  as  in  the  neighbourhood  of  the  sea. 

The  advocates  however  of  a  central  heat  call  in  to  itei 
istance  some  observations  recorded  on  the  temperature  ol 
which  seem  to  shew  that  the  subsiance  of  the  earih- 

bolter  in  proportion  to  its  distance  from  the  surface. 

It  is  one  thing  to  athnit  the  existence  of  a  central  heat,  and^ 
another  to  decide  upon  tbe  cause  from  which  it  may  have- 
arisen  ;  nor  am  I  prepared  to  deny  the  truth  of  the  obser-> 
v^tona  appealed  to  on  this  subject,  which  ofleii  appear  loi 
have  been  made  by  unprejudiced  persons,  and  in  particular' 
those  with  respect  to  the  progressive  increase  in  that  of  the-.. 
Cornish  mines,  in  proportion  to  their  depth. 

Baron  Fourrier  has  lately  })ubbshed  a  very  elaborate  Ireifi 

t!  on  this  subject,  in  whicli  however,  if  1  am  rightl^.jn 
med,  he  has  neglected  to  consider  particularly  the  li 
causes  of  heat  in  mines,  to  which  their  temperature  i 
perhaps  be  attributed.* 

That  these  often  interfere  with  the  results,  I  feel  di*^ 
to  beUeve  from  my  own  experience,  such  as  it  has  be^  o 
this  subject ;  which  leads  me  to  the  conclusion,  that.the  tein-4 
rature  is  often  influenced  by  causes,  less  obvious,  and  lea 
lily  guarded  against,  than  those  arising  out  of  the  state  0 
Ventilation,  the  number  of  workmen  employed,  &c.  &c. 

In  the  course  of  my  travels  on  the  Continent  I  had  n 
peated  opportunities  of  examining  into  this  subject,  andJn 
all  the  cases,  where  any  remarkable  degree  of  heat  was  dis* 
coTerable,  detected  the  presence  of  a  large  quantity  of 
pyrites  ina  state  of  decomposition. 

Such  was  the  case  in  the  mines  of  Hungary,  where  I  was  j 
iSsured  that  in  one  instance,  and  that  not  the  deepest  part  oj 
lie  mine  in  which  it  occurred,  the  workmen  were  compelled 
from  the  heat  to  wear  masks  and  gloves. 

I  was  struck  witli  observing  the  same  thing  in  a  iLiOefen 
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part  of  Europe,  naniH)',  at  llie  Quicksilver  Mines  oriiliia, 
where  the  ineUtllic  sulphurets  likewise  occur,  and  as  it  is  well 
known  that  a  considerable  degree  of  heat  is  given  out  by  such 
substances  during  decomposition,  I  cannot  help  believing  that 
the  temperature  was,  in  those  cases,  affected  by  their  presence. 
I  may  add,  iliat  even  respecting  the  Cornish  mines,  the  state- 
ments given  are  very  contradictory,  for  it  is  not  long  since  there 
appeared  an  account  by  a  Cornish  gentleman  of  some  trials, 
from  which  it  would  appear,  that  the  heat  below  was  in  seve- 
ral instances  no  greater  than  that  of  the  external  air. 

Now,  as  he  justly  observes,  a  single  well-ascertuined  case 
of  this  kind  ought  to  outweigh  a  hundred  observations 
which  shew  an  increase,  since  it  is  far  more  likely  that  the 
temperature  of  the  earth  should  be  raised  above  its  natural 
standard  by  local  causes,  than  that  it  should  have  been  re- 
duced below  it. 

Neither  does  it  seem  very  consistent  with  the  (udinary 
progress  of  nature  to  suppose,  that  the  earth  is  gradually 
sinking  in  temperature,  so  that  it  will  in  time  become  utdit 
lor  the  abode  of  the  present  race  of  animals,  notwithstanding 
the  warmth  communicated  to  it  by  the  sun. 

It  is  true  that  the  consideration  of  final  causes  ought  not 
to  be  suffered  to  interfere  with  proofs  of  a  more  positive 
kind,  but  it  may  surely  be  Introduced  as  an  element  into  the 
calculation,  when  the  utmost  we  can  pretend  to  have  arrived 
at,  are  probabilities. 

Yet  though  there  seems  to  be  no  reason  for  supposing  the 
earth's  temperature  to  be  at  present  undergoing  diminution,  I 
am  ready  to  allow  that  the  presumption  arising  from  a  fair  re- 
view of  the  'phcenomena  is  rather  favourable  than  otherwise 
to  the  notion  of  a  central  heat; — all!  object  to  is  the  bringing 
forwards,  what  ought  only  to  rank  in  the  light  of  an  hypothe- 
sis, as  the  basis  of  elaborate  mathematical  investigations. 

For  my  own  part,  however  seductive  it  maybe  to  the  imagi- 
nation to  e:(plliin  on  i^ome  one  broad  principle  tlie  pliisnomena 
of  our  globe,  and  to  lay  down  the  great  ends  which  volcanos 
Bre  cttlculaicd  lo  serve  in  the  economy  of  nuture,  I  think  it 
2e 
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more  consistent  with  sound  philosophy  to  limit  myself,  (o 
those  effects  which  have  obviously  been  produced  by  iheir  ac- 
tion, and  to  those  final  causes  of  their  existence,  which  may 
be  presumed  from  phenomena  which  we  ourselves  witneES. 

The  former  of  these  inquiries  has  already  been  insisted 
upon,  and  the  occurrence  of  basalts  in  every  class  of  rocb, 
under  circumslauces  which  establish  igneous  action,  iadi. 
cateB  that  volcanos  have  existed  almost  from  the  commence* 
ment  of  our  globe. 

With  respect  to  the  latter  point,  I  shall  only  remark,  that 
whatever  may  have  been  the  end,  for  the  sake  of  which  the 
accumulation  of  inflammable  materials  in  the  interior  of  our 
globe  was  ordained,  their  existence  there,  under  circunt' 
stances  whicli  admitted  of  their  undergoing  from  time  t6 
time  inflammation,  rendered  the  production  of  volcanos 
only  a  natural  consequence,  but  even  an  useful  provision. 

They  are  the  cliimneys,  or  mther  the  safety-valves,  by  which 
the  elastic  matters  are  permitted  to  discharge  themselves,' 
.without  causing  too  great  a  strain  upon  the  superticial  filraia> 

Where  they  do  not  exist,  they  give  place  to  a  visitation  of 
a  much  more  destructive  nature;  for  those  who  have  ei^ 
p^ienced  a  volcano  and  an  earthquake  will  readily  testify^ 
that  the  consequences  of  the  one  are  by  no  comparison 
lifter  than  those  of  the  latter. 

The  same  country  is  indeed  often  exposed  to  this  doubw 
calamity,  but  that  the  (existence  of  the  volcano  is  ev«n  theK 
a  source  of  good,  appears  from  the  fact,  that  the  most  terrible 
effects  are  felt  at  a  certain  distance  from  the  orifice,  although 
the  focus  of  the  action  is  probably  not  far  removed  from  th* 
letter. 

The  agitations,  which  took  place  during  six  years  at 
Lancerote,  Ukewise  shew,  how  much  more  destructive  th4 
effects  of  subterranean  fire  appear  to  be,  where  no  permanent 
vent  is  established. 

Thus  far  we  have  proceeded  on  solid  grounds, — but  if  we 
arc  willing  to  push  the  enquiry  farther,  and  to  sjieculate  m 
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the  oilier  cnd&  which  volcanos  mny  be  iniended  to  aruwer^ 
it  may  perhaps  not  be  Wo  bold  an  hyyothesis,  when  we  con- 
sider their  general  distribution,  to  imagine  (hat  they  are 
among  the  meana  wliich  nature  employs,  for  encreasing  the 
extent  of  dry  land  in  proportion  to  that  of  the  ocean. 

That  such  is  ilte  tendency  of  the  processes  daily  taking 
place,  appears  from  various  considerations,  and  from  none 
more  remarkably  than  from  the  formation  of  coral  ree&,  a 
cause  of  increase  to  the  quantity  of  dry  land,  with  whicit 
the  destroying  agencies  that  ere  also  at  work  have  nothing 
to  compete. 

In  speaking  of  the  Canary  Islands  I  observed,  that  vol- 
canic processes  seem  much  more  frequently  to  have  elevated, 
than  to  have  submerged,  tracts  of  country  ;  and  if  we  con- 
sider, that  coral  reefs  are  mostly  founded  on  shonla  canaed 
by  volcanic  matter  that  has  been  throvm  up,  a  sort  of  con- 
sistency will  appear  in  this  instance  to  exist  in  the  arrange- 
ments of  nature,  which  leads  to  the  belief,  that  fire  and 
water  are  both  working  together  to  a  common  end,  and  that 
end,  the  preparation  of  a  larger  portion  of  the  earth's  sur- 
fece  for  the  reception  of  the  higher  classes  of  animals. 

There  may  be  something  fanciful  in  what  I  am  now  going 
to  suggest,  with  regard  to  another  end  which  volcanos  may 
be  conjectured  to  fulfil ;  yet  if  there  be  any  truth  in  the  idea, 
that  the  pressure  of  the  ocean  would  be  constantly  forcing  a 
certain  portion  of  its  waters  through  fissures  into  the  interior 
of  the  earth,  it  would  seem  that  there  ought  to  be  some  com- 
pensating process,  by  which  the  ratio  between  the  sea  and 
land  might  be  preserved  unaltered. 

This  would  perhaps  be  afforded  by  the  action  of  volcann, 
which  restores  to  the  surface  just  a&  much  water  as  has  been 
admitted  to  the  spots  at  which  the  process  is  going  on ;  foi' 
though  the  first  effect  of  the  action  is  to  decompose  that 
fluid  into  its  constituents,  yet  the  immediate  consequence  is, 
as  we  have  seen,  the  disengagement  of  a  large  volume  of 
sulphuretted  hydrogen  and  liulphurotis  acid  gases;  so  that 
by  the  action  either  of  the  latter  fluid,  or  of  ntraospheric  air 
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upon  the  former,  the  whole  of  the  hydrogen  of  the  water, , 
sooner  or  later,  becomes  re-united  with  oxygen.  This  iii<  ' 
deed  is  one  cause  of  the  quantity  of  steam  given  out  fr&m 
the  craters  of  all  burning  mountains. 

The  products  of  the  volcanic  action  also,  though,  from  the 
individual  mischief  they  occasion,  they  can  hardly  be  viewed 
by  the  inhabitants  of  the  country  overspread  by  them  in  any 
other  light  J  than  as  serious  present  calamities,  do  not  neverthe- 
less deserve  to  be  considered  as  permanent  or  unmixed  evils. 

It  is  true,  that  there  is  something  gloomy  and  depressing 
in  the  contemplation  of  a  volcanic  mountain,  when  we  con- 
sider the  cities  it  has  overwhelmed,  the  fields  it  has  reduced 
to  desolation. 

Yet  if  we  do  not  adopt  tlie  notion  once  so  prevalent  with 
respect  to  the  speedy  dissolution  of  the  globe,  if  we  take  up 
-the  more  pleasing,  as  well  as,  I  conceive,  the  more  probable 
opinion,  that  a  world,  which  required  so  many  ages  to  pre- 
pare it  for  the  accommodation  of  its  present  inhabitants,  is 
destined  for  many  ages  more  to  afibrd  them  a  suitable  abode; 
■  there  is  then  something  consolatory  in  the  reflexion,  that  the 
very  lava,  which  for  so  long  a  period  has  spread  the  moat 
hopeless  sterility  over  the  grnund  it  traverses,  in  process  of 
time  crumbles  into  the  richest  of  soils  ;  and  that,  if  we  take 
the  case  of  the  neighbourhood  of  Naples  as  the  vulcanic 
district  with  which  we  are  best  acquainted,  the  experience 
of  what  has  happened  before  Justifies  a  belief,  that  the  in- 
flammable materials  which  supply  the  fires  of  Vesuvius  will 
ultimately  be  expended,  and  that  the  mountain  luay  at 
some  future  period  return  to  the  fertile  condition,  which 
IMartial  describes  as  belonging  to  it,  when  its  heights  were 
covered  with  vineyards,  and  the  very  spots  surrounding  the 
actual  crater  were  considered  the  favourite  resort  of  the  Ctods. 

Ilic  rat  pampinl^is  viridis  Vesuvius  umbns, 
Sparserat  hie  madidns  nobilH  uva  larus. 
'*'  Hffc  lora,  quam  Nysip  colles,  phis  Bncchu*  amavit. 

'  Hnn  nuper  Satyri  monlo  dedprp  chorns, 

~,  ^  Hirr  Vprwris  ifdra,  I.aredipmonc  giralior  illi,  ■ 
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Note  ta  page  145. 

.  ■  .  ;    I  "  ■       ■    •  ■ 

I  find  that  the  statement,  given  on  Newspaper  authority,  re- 
specting the  antient  picture  of  VesuYius,  lately  dug  up.  is  con- 
tradicted  by  the  Editor  of  the  Giornale  delle  due  Sicilie*  . 


_      »  .  ■  .... 

Note  to  page  276. 

On  the  neighbourhood  of  the  Red  Sea: 

I 

'The  Ichthy6phagi  of  the  environs  of  Ptolemais,  in  thie  TlU^ 
Md,(  preserved  in  the  time  of  Agatiharcides,  the  remembrance  of 
an  earthqiuike,  during  which  the  sea  was  left  .dry.— -See  Diod. 
SiciiUis,  i;  HI.  c.  1. 

>  Thattiie  foUowing  phenomenon  also,  the  knowledge  of  which 
«  I  owe  to  my  friend  Mr.  Gray,  of  University  College,  Oxford,  if 
connected  with  any  thing  volcanic,  may  be  uncertain  ;  but  as  it  is 
curious  in  itself,  I  shall  insert  hit  account  of  it^  which  I  have  ex- 
tracted from  the  newspaper,  called  ^^  L'Ermite  du  Mont  Liban/' 
published  by  Mens.  Regnault,  French  Consul  at  Tripoli,  in  Syria^ 
and  is  as  follows : 


4SS  Neigkbourhood  of  the  Red  Sea. 

No.  10,  September,  18t0. 

M.  Francois  George  Gray,  Voyageior  Anf^ais,  qai  %  mHi 
I'Egypte  et  PArabie  Petr^e,  a  bleu  ▼oolv  nomm  Cure  purt^  dm  an 
passage  av  Mont  Liban,  d'on  pheDomtee  qa'il  a  observe  atee  U 
phis  grande  surprise  dans  vn  endroit  appell£    *^  Nakoiu,**  c'eiti 
dire  cloche,  a  trois  lienes  de  Tor  snr  la  Mer  Rouge.     Get  eadnit 
Ireconrert  de  sable,  eiitirDtiii£  de  lochers  bas  en  forme  d'anpU* 
theatre,  offre  une  pente  rapide  ?ers  la  mer  dont  il  est  ek^ 
dHm  demi  mille,  et  pent  aroir  trcns  cents  pieds  de  hauteur  m 
qnatre-Tingts  de  largenr.    Ob  M  a  donn6  la  nom  de  Qock^ 
parceqn'il  rend  des  sods,  non  comme  iaisait  autrefois  la  wMk  ^ 
Memnon,  an  lever  da  soleil,  mais  k  tonte  heore  da  jonr  et  de  ii 
nnit  et  dans  tontes  les  saisons*    La  prMniere  fois  qa'y  alls  K 
Gray,  il  entendit  au  boat  d'nn  quart  d'heare  an  s<m  doox  et 
continn  sons  ses  pieds,  loa,  qoi  ea  aogmeiitant  reaaembla  I  ceio 
d'nne  cloche  qa'on  frappe^  et  qoi  devient  si  fort  en  eioq  mioutef, 
4n'il  fit  detacher  da  sable,  et  eflraya  les  chajnaox  jnsqa^  i  lei 
mettre  en  fnnnn 

M.  Gray  curieun  de  decoavrir  la  cause  de  ce  pTienomeue,  doo( 
aucun  voyageur  n'a  pari^,  retourna  au  m^me  endroit  le  lendenuuii,  : 
et  resta  une  heure  k  attendre  le  4K>a,  qui  vient  en  effet,  mais  beii- 
conp  moins  fort.  Comme  le  ciel  etait  serein.  Pair  calme,  iln* 
COD  nut,  qu'on  ne  pouyait  attribuer  ce  son  k  Pintroduction  de  I'lii 
exterieur ;  d'ailleurs  il  a'avait  point  remarqu^  de  fente,  par  oa  il 
put  penetrer.  Le$  Arabes  du  desert,  dont  il  vaulut  coniioltie 
PopiDion,  I'assurerent,  qu'il  y  ayait  sons  terre  un  convent  de  vmei 
miraculenseinent  entreteoue,  et  que  le  son,  que  Pon  cnteidiit, 
k^etait  aaire  que  celui  de  lenr  cWciie*  Des  penonaes  matf 
pevt^B  pear  les  miracles,  poarraient  oovjectarer,  qn^ii  prorieit 
d'accidens  yolcaniques,  a  cause  des  eaux  thermalaa  qn'on  tiovH 
anr  octte  c6te,  aotamment  cellea  bica  compues  d'Hanuaiara  Fltf* 
nioua  (des  Bams  de  Pkaraon.) 

Mr.  Gray,  in  a  lett^  to  nue,  observes  :^^^  Tbe  eameUvtu 
addition  of  M.  Regnan^'s,  as  I  had  none,  witfa  me,  bnt  I  recolkct 
^peating  to  him  what  the  people  of  Tor  told  me  respectiag  the 
elBfect  of  the  sound  upon  these  animals,  and  hence^  I  sapposff^  ara9> 
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this  little  amplificatioB*  I  heg  le^re  to  direct  your  atteAtioa  par- 
ticolarlj  to  the  soaDd,  which  appeared  to  me  so  extraordinary— it 
dki  commence,  as  M.-Regnauit  says,  in  a  low  contiaaoas^mnrmur, 
and  then  clianged  into  pulro/ioiM  as  it  became  louder.'^ 

Seetzen  (in  Zach's  Ephemerides,  October,  1813)  gives  a  simi- 
lar accomit  of  this  place. — It  is  Worth  inquiriog,  whether  the  noise 
may  not  proceed  from  the  same  cause  as  that  of  the  Statue  of 
MemnoD,  which  is  supposed  to  have  stood  on  a-  sandstone  rock. 
(See  Keferstein  Beitrage  zur  Geschichte  nnd  Kenntniss  des  Ba^ 
saltes,  Ite.  Theil.)  It  is  probable  that  the  sound  in  that  case  pro* 
ceeded,  not  from  the  Statue  itself,  bat  from  the  ground  on  which  it 
was  erected. 

The  French  Naturalists,  who  accompanied  Buonaparte,  heard 
similar  noises  proceeding  from  the  Temple  of  Camac. 


Note  to  page  283. 

On  the  Waters  of  the  Dead  Sea. 

Since  the  remarks  on  the  Dead  Sea,  p.  283,  were  printed,  I 
have  seen  a  later  analysis  of  its  waters  than  that  of  Marcet,  by 
Hermbstaedt.,  published  in  the  Transactions  of  the  Berlin  Aca- 
deihy  for  1890-^21.  This  Chemist  finds  in  it  the  following  in- 
gredients :         . 

Free  muriatic  acid  •  •  «^ 0,507 

Sulphate  of  lime 0,004 

Sulphate  of  soda 1,597 

Muriate  of  potass • 0,275 

Muriate  of  peroxide  of  iron 0,333 

Muriate  of  soda 4,859 

Muriate  of  lime 4,250 

Muriate  of  magnesia • 15,755 

27,584 
Water 7f,41« 

100,000 
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ID  tills  latter  light,  and  tbat  the  Greek  colonists,  who  probably, 
ivere  drawn  from  that  class  of  society,  nUoald  bring  away  witli 
them  the  (uperstitions  of  the  country  from  which  they  caoie,.' 
whiUt  they  lost  sight  of  tbe  priacipleE  aa  which  they  were 
foDHded. 

Tbe  considering  Typhon  the  particular  cause  of  earthquakes 
and  vulcanos  may  have  happened  iu  two  ways, — 1st,  from  the 
fiery  nature  and  origin  of  these  phaeaomena,  and  2dly,  from  the 
general  opinion  entertained  by  the  antients,  that  they  wer«  caased 
by  wind»  pent  up  within  the  bowels  of  the  earth.* 

This  is  the  idea,  expressed  by  Aristotle,  Meteor,  lib.  3,  Cor- 
nelius Severus  in  his  interesting  and  philosophical  poem  on  Etna, 
and  various  other  writers  ;  aud  the  Egyptian  word  Bebin,  whicb 
answers  to  Typhon,  signiKes,  according  to  Jablonski,  sometAuif 
pent  u^,  or  oa  andergroanil  cavern. 

This  opinion  was  indeed  suggested,  not  only  by  the  phaenoniena 
themselves,  which  seem  to  indicate  the  action  of  elastic  rapours 
struggling  to  eeeape,  but  likewise  by  the  simultaneous  occurrence 
of  hurricanes  with  earthquakes  and  volcanos. 

Thus  in  the  recent  eruption  in  tbe  Island  of  Sumbawa,  m 
Java,  the  greatest  damage  was  done,  not  b;  the  volcano  itself,  bat ' 
by  the  whirlwind  that  accompanied  it.+ 

That  Typhon  was  considered  iu  an  especial  manner  tbe  cann 
of  whirlwinds  (originally  indeed  of  the  scorching  wind  of  llie 
deBert,  but  afterwards  among  the  Greeks  of  all  pernicious  blasts ),{ 
is  evident  from  the  lines  in  Ilesiod's  Theogenia,  quoted  at  length 
at  the  bottom  of  page  321. 

It  may  be  remarked,  that  the  Egyptian,  as  well  as  the  Grecian 
Alythology,  agree  in  a  remarkable  manner  with  the  systems  of 
cerbiiii  modern  Geologists,  who  imagine  volcanos  to  be  tbe  ex>  i 
piring  efl'orts  of  that  force,  to  the  more  general  action  of  which 
they  ascribe  tbe  elevation  of  mountains,  aad  the  formation  of  tbo 
older  strata.     They  also  correspond  with  the /oc/,  that  volcanos 


•  See  note  (o  page  3Si.  It  is  atledged  also  by  Tiiesiiu,  i 
Knisenstern,  thai  the  cause  of  ihe  Typhon  of  the  Chinese  Sea 
rorin  thebouelsaf  ttiF  earth,  and  depends  on  agitatiana  at  i 
•ea.— Edinb.  Journ.  orSeience,  vol.  9.  p.  804. 


^ompaniad 
be  sougbl 


t  See 


nt. 
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Osiris,  just  as  Ahriman  does  to  Orsmozd,  in  the  rtligton  of  Zoro- 
uter.  The  chief  diR'erence  between  the  two  sclieraes  seems  to 
confist  in  this  circumstance,  that  tlie  Egyptian  fable  is  more 
entirely  founded  on  physical  prtDciples.  In  the  Persian  doctriae 
Ahriman  was  not  simply  a  personifi cation  of  natural  evil,  his 
attributes  comprehend  also  moral  eTil ;  but  as  we  have  seen  that 
Osiris  was  physical  good,  or  the  productive  or  generative  power, 
«s  Tjphon  seems  to  have  represented  all  the  destructive  causes  in    ' 

It  is  true  that  the  Typhon  or  Typhifius  of  the  Grecian  Mytho- 
logy must,  as  Jablonski  has  observed,  be  distinguished  from  the 
Kgyptian  Dxmon  of  the  same  name ;  but  as  the  former  people  seem 
'to  have  derived  their  mythology  from  the  latter,  it  will  hardly  be 
denied,  (hat  the  original  source  of  their  notions  respecting  ihis  evil 
genius,  however  they  may  have  been  afterwards  modified,  is  to  be 
nught  for  in  Egypt. 

■  The  chief  difference  indeed  betireen  the  two  consisted  in  the 
more  abstract  sense  in  which  the  fable  was  understood  by  the 
Egyptians,  than  by  the  Greeks ;  tho  former  regarding,  as  we  have 
BWn,  the  Typhon,  as  a  general  personification  and  cause  of  phy- 
sical evil;  the  latter  confiDlug  it  to  certain  particulur  objects 
of  terror  and  aversion,  such  as  earthquakes,  vokanos,  and  whirl- 
winds. 

It  would  perhaps  nut  be  difficult  to  explain  why  theie^  rtther 
than  other  natural  pha^nomena,  were  singled  out  as  being  imme- 
diately derived  from  the  influence  of  the  Daemon. 

Id  a  climate  like  that  of  Egypt,  the  greatest  physical  evils,  that 
were  to  be  apprehended,  would  arise  from  the  extreme  heat,  the 
absence  of  humidity,  the  suspension  of  the  usual  overflow  of  the 
Nile,  the  stlfliug  winds  of  ihe  desert,  &c.  &c. 

Hence  Plutarch  (de  Iside,  p.  353)  considers  Typhon  to  be 
ma*  re  avytjiag'ti  wxi  ^ti^uStt  ksh  ffn^aiTiiur  o?.i»i,  xsi  mXifiiet  ni  ir)^T<ir(, 
and  remarks  that  some  regarded  him  as  synonymous  with  the  Sun. 
though  this  was  not  the  orthodox  opinion. 

Now  it  was  natural,  that  the  populace,  viewing  the  fable  in  a  less 
aj)stract  iieuse  than  the  Priests,  should  consider  the  Dxmoa  solely 


i 


Piiuhmti'iAiialyBiturEgypiiiiii  M>iliuU>g>,  Louduii,  ISl!),  p.  IB. 
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in  lliis  latter  light,  and  that  the  Greek  colonists,  who  probably 
were  drawn  from  that  class  of  society,  should  hring  away  with 
them  the  Euperalitioiis  of  the  country  from  which  they  caai«, 
whilst  they  loat  sight  of  the  principle!  on  which  they  were 
founded. 

The  cousideritig  Typhon  the  particular  cause  of  earthquakes 
and  Tolcanos  may  have,  happened  iu  two  ways, — 1st,  from  the 
fiery  nature  and  origin  of  these  phienomeDa,  aud  2dly,  from  the 
general  opinion  entertained  by  the  antients,  that  they  were  caused 
by  winds  pent  up  wlthiu  the  bowels  of  the  earth.* 

Thia  is  the  idea  expressed  by  Aristotle,  Meteor,  lib.  2,  Cor- 
neliua  Severus  in  his  interesting  and  philosophical  poem  ob  Etna, 
and  varices  other  writers  \  aud  the  Egyptian  word  Bebin,  which 
answers  to  Typhon,  signifies,  according  to  Jablonski,  somelkm§ 
pent  up,  or  an  underground  cavern. 

This  opinion  was  indeed  suggested,  not  only  by  the  phxuoinena 
themselves,  which  seem  to  indicate  the  action  of  elastic  vapours 
strnggliDg  to  escape,  but  likewise  by  the  simultaneous  occurreuce 
of  hurricanes  with  earthquakes  and  volcanos. 

Thus  in  the  recent  eruption  in  the  Island  of  Sumbawa,  Dear 
Java,  the  greatest  damage  n  as  done,  not  by  the  volcano  itself,  bnt 
by  the  whirlwind  that  accompanied  it.f 

That  Typhon  was  considered  in  an  especial  manner  the  cause 
of  whirlninds  (originally  indeed  of  the  scorchmg  wind  of  the 
desert,  but  afterwards  among  the  Greeks  of  all  pernicious  blasts },{ 
is  evident  from  the  lines  in  ilesiod'e  Theogenis,  quoted  at  length 
at  the  bottom  of  page  321, 

It  may  be  remarked,  that  the  Egyptian,  as  well  as  the  Grecian 
Mythology,  agree  in  a  remarkable  manner  with  the  systems  of 
certain  modern  Geologists,  who  imagine  voicauos  to  be  the  ex-  ' 
piring  elforts  of  that  force,  to  the  more  general  action  of  which 
they  ascribe  the  elevation  of  mountains,  and  the  formation  of  the 
older  strata.     They  also  correspond  with  the  fact,  that  Tolcanos 

•  See  note  to  page  321.  It  ib  alledged  elso  by  TileiiuB,  who  jccompenieJ 
Krusenstern,  lhallliecau:ic  of  the  Tjplion  of  the  Chinese  Sea  is  lo  be  sought 
for  in  the  bowels  of  Ihe  earth,  and  depends  on  Bgiliitioils  at  the  bottom  of  lh« 
eea,— Edinh.  Journ.  of  Seicnc*,  vol ,  9.  p.  304, 

■J  See  page  SSI. 

t   Hence  Lotus  Is  Hre  called  ■-  llie  children  of  T>'l)holl." 
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at  present  are  less  extensively  distribated  than  thc]r  were  at  ttf 
mer  periods  of  the  earth,  and  consequently  that  their  inflneBce 
may  be  inferred  to  be  on  the  decline. 

Conformably  with  this,  tlie  Egyptians  imagined  that  Mercury  bai 
cut  the  sinews  of  Typhon,  and  that  he  has  since  lost  the  power 
that  originally  belonged  to  him,  having  sank  from  his  ^'liigli 
cEtate"  as  the  general  worker  ef  evil,  to  that  of  the  framer  of 
earthquakes,  thunder,  and  hurricanes.* 

So  Also  Ilesiod,  after  describing  the  manner  in  which  Jupiter 
overcame  the  Titans,  and  other  monBters,  which  Mother  Earth 
had  snccessively  produced  to  contend  with  him,  says,  that 
Typhosus,  the  author  of  whirlwinds  and  earthquakes,  was  the 
youngest  of  her  children. 

ft  may  be  remarked,  that  this  poet  notices  the  Typboa  Id  an 
earlier  part  of  the  same  poem,  and  therefore  appears  to  distinguish 
him  from  Typhccus ;  but  it  will  hardly  be  supposed  that  the 
attributes  of  the  two  Dxmons,  both  resembling  each  other  in 
name,  and  derived  in  all  probability  from  the  same  Egyptlau 
source,  would  be  very  accurately  distinguished. 

Let  us  therefore,  without  attending  to  this  distinction,  proceed 
to  consider  how  far  the  descriptions  given  of  either,  or  both  of 
these  monsters,  correspond  with  the  hypothesis  as  to  their  being 
more  especially  intended  as  personifications  of  volcanic  action. 

The  account  given  by  Apollodoms  is  perhaps  the  most  ctrcmn- 
stantial,  ajid  agrees  very  well  with  that  of  Hesiod,  the  earliest 
writer,  except  Homer,  by  whom  Typhoa  or  Typhveus  is  men- 

This  mythologist  describes  him  as  surpassing  in  size  and  force 
all  the  children  of  r.arth  ;  Le  was  taller  than  all  the  moantalns, 
his  head  often  touched  the  stars ;  his  arms  stretched,  the  one  to 
the  setting,  the  other  to  the  rising  of  the  sun.  The  serpents, 
which  were  twisted  round  bis  thighs,  rose  to  his  head,  and  sent 
forth  an  horrible  hissing  ;  fire  gleamed  from  his  eyes;  he  hurled 
stones  to  heaven  with  a  loud  and  hollow  noise;  (|Uit«  mfiyitut  etm 
xai  SoKi)  surges  of  fire  boiled  up  from  his  mouth  (mXXn  m  ts  jvpMm 

r  well  this  corresponds  both  with  the  structure  and  phx- 
a  of  a  volcanic  mountaio,  I  consider  it  necdle&S  to  point  out, 

*  bcc  PliilKch  dcbideet  Oaiiidi:. 
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and  bhall  therefore  proceed  to  meotion  the  spots  in  which  tk  | 
scene  of  the  monster's  adfentares  are  laid  ;   for,  as  io  the  noDjiA-  - 
stances  where  these  hate  been  explored,  their  nature  is  foud  to 
be  volcanic,  there  seems  a  reasonable  presumption,  that  tiie  nme 
may  be  the  condition  of  such  as  have  not  been  examined. 

.  Now  ApoUodorus  mentions,  that  Typhon   was  bom  in  Cilicii^ 
where  we  know  of  the  existence  of  an  extensiTe  Toicanic  district 
called  the  Catacecaumene.     When  pnrsned  bj  Japiter,  heiledli  ' 
the  neiglibdurhood  of  Mount  Casius  on  the  borders  of  the  Lib  j 
Scrbonis,  near  the  Pelusian  branch  of  the  Nile.     "What  the  natnt . 
uf  this  lake  and  of  the  mountain  near  it  may  lie,  I  have  notbm  ^ 
able  to  ascertain.     Jablouski  however  says,  that  the  lake  bai  i 
great  affinity  to  the  Dead  Sea,  which  I  have   shewn  to  owe  ks 
existeince  to  a  volcanic  eruption.     Maillet  in  his  Description  de 
^'^JP^^9  P*  ^^^9  "Ay^9  ^^^^  ^^®  Egyptians  got  their  bitumen  for 
embalming  from  thence,  and  not, '  as  is  generally  supposed,  firas 
the  Dead  Sea.     The'word  (Ser)  in  Coptic,  it  is  said,  meanti 
sprinkle,  and  (Bon)  foetid,  and  Manetho  says,  that  the  lakes 
his  time  emitted  hot  exhalations. 

'  One  of  the  cities,  called  Typhonia,  formerly  existed  there,  aw! 
the  Egyptians  called  the  lake  Tuftnos  %Kwn>ai.  Plutarch,  yit.A]it. 
p.  917. 

It  must  however  be  confessed,  that  the  pestilential  vapours  which 
arose  from  the  water  may  alone  have  caused  it  to  be  considered 
the  abode  of  Typbon,  and  that  with  regard  to  the  particolv 
passage  referred  to  commentators  are  not  agreed,  for  Heyne  pn* 
poses  to  substitute,  for  Casius,  Caucasus,  where  there  was  a  rod 
which  went  by  the  name  of  Typhonlan,  It  is  indeed '  not  iiopN-  ^ 
bable,  that  the  latter  may  be  the  true  reading,  as  it  appears  tint 
volcanos  actually  exist  there,*  and  if  we  suppose  that  the  mou* 
tain  alluded  to  was  Demavend,  which  stands  near  the  faootf 
Caucasias  portae,  and  therefore  may  perhaps  have  been  viewed tf 
the  antieots  as  belonging  to  that  chain,  the  Typhoeus  of  the  Greeks 
would  then  be  the  Zohag  of  the  Zend-avesta,  confined  according 
to  the  Persian  mythology,  under  their  volcano,  as  the  Grecian 
moiister  was  under  Etna,  or  Cumae.f 

*  t?cc  pa«;e  297,  et  bcq. 
f  Jfee  pagi;  303. 
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The  other  places  mentioned  by  Apollodorus  as  the  scene  of 
oTese  adventures  are,  Mount  Eeenius  id  Thrace,  so  called  fiom 
his  blood  nhich  was  there  spilt;  the  peninsula  of  Pallene  ;  and 
Mount  Etna;  but  others  have  cnentLoncd  L^dia,  Phrygia,  and 
Bxotia,  as  the  spots  where  he  was  finally  vanquished  (See  Szetzes 
Scholia  in  Lycophron). 

Homer,  as  I  have  already  stated,  makes  the  Arimean  mounT 
tains  (which  perhaps  may  have  been  those  near  the  Dead  Sea. 
the  bed  of  TyphiEus,  and  it  is  worth  remarking,  that  neither  ihat 
poet,  nor  Hesiod,  allude  to  Mount  Etna  as  the  abode  of  the 
monster,  as  Pindar  and  other  later  writers  have  done.  This  may 
be  considered  as  an  additional  proor,  that  this  volcano  was  not  in 
action  about  the  period  at  which  they  lived.  Now  we  have 
abundant  proofs  of  volcanic  action  in  roost  parts  of  Asia  Minor, 
and  particularly  in  the  provinces  of  Lydia,  Phrygia  and  Cilicia;+ 
such  are  the  extinct  volcanos  near  Smyrna  and  Scandaroon,.  the 
Plutonium,  or  Corycian  Cave,  noticed  by  Strabo  and  re-discotered 
by  Chandler,  and  the  destructive  earthquakes  so  common  through- 
out that  country  ;  we  have  accounts  likewise  of  a  mnd  eruption 
in  the  Leiantic  fields  near  Chalcis  in  Kubfca,!  which,  if  it  wa.s 
not  itself  of  a  volcanic  nature,  indicates,  like  the  phaeriomena  of 
Macaluba  in  Sicily,  the  accumulation  of  materials  brought  to- 
gether by  previous  volcanic  agency.  It  remains  to  be  seen,  whe- 
ther the  same  holds  good  with  regard  to  the  other  spots  alladed 
to,  viz.  the  Irfke  Serbonis,  the  Peninsula  of  Pallene,  and  M'ourit 
Hffimus  in  Thrace.  I  believe  the  Ceraunian  mountains  are  alw 
mentioned  as  the  seat  of  Typhon,  but  this  has  arisen  from  a  lam- 
bent flame  which  still  plays  on  the  summit  of  some  of  them, 
arising  from  the  escape  of  an  inflammable  gas,  as  on  the  top  of  (he 
Appennines  between  Florence  and  Bologna. |[  The  same  seems 
to  be  the  case  with  regard  to  the  Sixegupoi-  o-iAar  mentioned  as  oc- 
ruring  on  the  top  of  Parnassus. 

I  cannot  close  lh!s  note,  without  pointing  out  the  curious  coin- 
cidence of  names  between  those  places  in  Asia  and  in  Europe, 
noticed  either  as  the  abode  of  Typhon,  or  as  the  site  of  igneous 
ibtenomena. 


1    Ser  pagp  »3». 


*  See  [laga  895. 
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On  the  Tertiarj/  Lavas. 


I  believe  I  have  stated  fairly  the  theory  proposed  by  Monsr, 
Menard  de  Groye,  to  explain  the  distiDction  between  basalt  and 
lava,  and  have  enabled  my  readers  to  jadge,  how  far  my  ideaj 
have  been  anticipated  by  this  author;  for,  although  I  did  not  read 
hia  memoir,  nntil  after  my  treatise  was  composed,  he  has  of  course 
a  fair  claim  to  priori/ 1/,  where  the  opinions  are  the  same.  It  wilt 
be  seen  however,  that  though  Menard  finds  himself  obliged  (as  I 
conceive  eiery  gcolosfist  will  he,  who  examines  with  attention  the 
Tertiary  volcanic  rocks)  to  make  a  distinct  class  of  them,  yet  he 
does  not  explain  the  cause  of  their  differences  on  the  same  princi- 
ples as  myself.  According  to  him,  the  dilTerences  arise  from  their 
being  formed  partly  above,  partly  below  the  surface  of  water; 
whereas  my  hypothesis  assumes  them  to  arise  from  their  being 
formed  under  a  body  of  water  less  considerable  than  the  ocean. 
With  respect  to  basalt  his  views  are  diametrically  opposite  (o 
mine,  as  he  considers  it  to  be  so  formed  in  consequence  of  the  ab- 
tence  of  water,  whereas  I  have  explained  its  compactness  from 
Its  being  produced  underneath  that  fluid.  Indeed  Morsr.  Menard 
does  not  appear  in  any  part  of  his  memoir  to  allude  to  the  differ- 
ence in  the  state  of  compression  produced  by  the  presence  orab* 
sence  of  water. 

Dr.  Boiie  in  his  memoir  on  Germany,  has  also  alluded  to  a 
similar  distinction*(Journ.  de  Phys.  Vol.  95)  of  volcanic  products, 
which  lie  divides  into  those  caused  by  volcanos  burning  in  the 
open  air,  and  by  the  same  more  or  less  submarine,  or  bsTHiDg 
under  water. 

Under  the  head  of  those  partially  sahmarine  he  includes  tri* 
chytes  and  many  basalts,  and  this  division  obviously  correapoDd* 
with  my  second  class  of  Tertiary  volcanic  products.  The  rocki 
included  by  Dr.  Boue  and  by  myself  are  nearly  the  same. 

Dr.  Boue  has  also  noticed  in  common  with  myself  the  following 
distinctions  between  submarine  and  suhaerial  volcanos  ;  vil. 
that  they  originate  from  dykes,  form  mountains  of  inferior  height, 
and  are  associated  with  tuffs  possessing  a  strong  degree  of  aggre- 
gation. He  also  remarks  the  greater  frequency  of  crystalline  ui- 
hltratioDS,  and  the  more  decided  changes  effected  npon  the  stir« 
face  of  the  ambiguous  rocks.  It  is  satisfactory  to  find  my  obser- 
vations thus  confirmed,  or  rather  anticipated,  as  it  proves  that 
they  have  not  been  imagined  for  the  sake  of  propping  up  an  bvpo> 
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thesis,  but  that  the  principles  laid  down  by  Sir  J.  Hall  admit  of 
s  more  extended  application,  than  appears,  so  far  as  we  caa  collect 

^H  '  That  I  am  warranted  in  speaking  as  I  hare  done  of  the  osdlla- 
^^Hoiu  of  opinion  which  have  prevailed  respecting  the  origin  of 
basalt,  will  be  evident  from  the  following  passage  in  Danbuisson's 
account  of  the  basalts  of  Saxony,  translated  by  Neill.  "it  op- 
pears,  says  the  celebrated  chtmist  of  Berlin,*  that  naturalists 
are  recovering  by  degrees  from  the  volcanic  illusion.  It  is  about 
fifty  years  since  a  French  naturalist  revived  the  opinion  con- 
cerning the  volcanic  origin  of  basalt,  and  he  lived  to  see  almost 
all  Europe  adopt  his  sentiments.  Bergman,  ihe  first  of  the  che- 
mists who  employed  himself  with  diligence  and  success  in  examin- 
^^  ing  mineral  substances,  and  who,  to  an  intimate  acquaintance  uith 
^^Ae  effects  of  heat,  joined  an  extensive  knowledge  of  mineralogy, 
^^BBuld  not  brin^  himself  to  consider  basalt  as  a  product  of  volcanic 
^fernptions.  The  Swedes  adopted  his  view  of  the  question.  U  ii 
scarce  jorly  years  since  every  boilg  in  Germany  considered  basal- 
tie  mountains  as  antient  vulcanos,  fVerner  lifted  the  Neptunian 
standard  ;  and  note,  among  alt  the  German  mineralogists  of  any 
reputation,  I  know  but  one  (^Foigl J  icho  still  retains  Ihe  old  doc- 
trine. We  have  already  seen  tn  liow  decisive  a  manner  Klaproth 
has  pronounced  on  the  subject;  he,  of  all  the  Gt-rman  cliemrsts, 
has  had  most  opportunities  of  observing  the  effects  of  fire  on 
mineral  substances,  and  he  has  besides  studied  the  history  of 
basaltic  mountains  with  Ihat  correctness  for  which  he  Is  rem;irka- 
ble.  In  Ireland,  Mr.  Kirwan  was  a  supporter  of  the  volcanic 
doctrine;  hut  the  nnnifrous  chemical  experimt-nls  which  he 
made  on  minerals,  and  other  considerations,  led  him  to  a  change. 
Dr.  Mitchell,  one  of  the  very  best  mineralogists,  and  Mr.  Jameson, 
the  author  of  the  Mineralogical  Travels  in  Scotland,  and  the 
greater  part  of  British  naturalists,  consider  basalt  as  having  been 
produced  in  the  humid  way. 

The  geologist  who  of  all  others  possessed  the  greatest  ezperi- 

■  Kliproth,    Joum.  del  Minn,    No.  T4. 
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flsee^  «-v—  SiMitte/  ibm  ilUutrkms  mineiiloi^  of  ^  •AlP!*^: 
fMUid  itucMMiyyin  tke  lattMr  part  ofUi  life^  grvaAly  talfaBitJbk. 
■otkMif  as  to  buftli  beiof  of  volcaaic  origio.  In  speaking  ^  flr- 
•xtiogaished  folcanoi  of  BriigM,  he  mj%  ^^  I  acknowle^gOi  ttat 
before  iliidjing  the  writingn  of  Werner^  I  frit  no  heeihition;  bat 
that  philosopher  hai  tan^^t  me  to  doubt."  Dolomiea^  who  wif 
at  the  head  of  the  Volcaoistf,  bat  in  whom  the  loTe  of  tradi  wii 
paramoant  to'tfae  ipirit  of  partjy  admitted  that  aomo  basalts  had. 
bean  produced  in  the  humid  way*  He  obserr^*  ^  I  haie  cff«^ 
camscribed  the  volcanic  empire  more  than  any  otlier  minerah^gMf 
FjroDcki^  English,  or  Italian,  having  withdrawn  from  its  dondnios 
many  mmeral  substances  formerly  placed  under  It.  I  hold  that  tfce 
bpssdts  of  Saxony,  of  Scotland,  and  of  Sweden,,  nmj  claim  Nep*. 
tunian  origin/*  When  treating  of  the.  basalt  of  Ethiopia^  he  addty 
^<  I  may  affim^  with  certainty,  that  it  is  not  of  Tolcanicpio- 
duction."f 

.  I  shall  not  extract  the  remarks  that  follow,  in  which  DanbuisMo, 
not  very  logically,  I  think,  anticipates  the  complete  overthrow  of 
the  volcanic  theory,  from  the  change  that  he  repreaents  as  hariD^ 
taken  place  in  the  opinions  of  nataralbts  on  this  subject.  I  con- 
fess, I  should  have  rather  have  been  disposed  to  argue  from  the 
foregoing  statements,  that  the  question  had  not  been  sufficiently 
sifted ;  for,  on  specnlative  subjects  at  least,  such  oscillatioDS  of 
opinion  as  are  described  show  a  defect  of  evidence,  even  more 
than  the  influence  of  authority.  If  ihe  former  did'  not  exist,  it  is 
hardly  possible  that  the  latter  should  prevail,  on  a  question  of  pore 
science,  to  such  a  degree  as  to  overpower  reason. 

Experience  has  since  shewn  such  to  have  been  the  case,  for  the 
preponderance  of  opinion  at  present  in  favour  of  the  volcanic 
theory  is  fully  as  great  as  it  ever  was  in  opposition  to  it,  eves 
when  Werner's  reputation  was  at  its  height.  It  is  for  the  Geo* 
legists  of  the  present  day  to  take  care^that  they  also  have  not  bees 
misled  by  the  influence  of  great  names,  and  ^at  the  evidence  os 
which  they  proceed  be  such,  as  to  afford  a  reaaenable  security 
against  any  similar  change  of  opinion. 
These  considerations  rendered  me  cautioUs  in  maldng  ap  my 

*  Journal  de  PIiy»i(|ue^  torn  37. 

f  Daubuisson  on  Basalt.    NciU's  Tran«l.  p.  163. 
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tniad  witb  regard  to  the  uoiTersal  igneous  origin  of  basalt,  even 
after  visiting  Auvergne ;  and  at  present  they  lead  me  to  regard  a 
detailed  examination  of  every  basaltic  country  a  necessary  preli- 
minary to  a  decision  with  respect  to  its  origin. 

It  is  only  thus  that  we  can  proceed  on  sure  grounds,  and  ought 
to  flatter  ourselves  that  we  are  laying  a  stable  foundation  for  a 
future  theory  of  the  earth. 

I  amused  myself  some  years  ago  with  drawing  np  a  Table,  in- 
tended to  represent  the  gradation  of  opinion  on  subjects  of  this 
nature,  entertained  at  that  period  by  numerous  Geologists,  and 
though  I  am  aware,  that  it  does  not  express  in  many  instances 
exactly  the  notions  of  these  individuals  at  the  present  time,  any 
more  than  it  does  of  myself,  yet,  as  it  has  already  found  its  way 
into  a  Journal,  it  cannot  be  improper  to  give  it  a  place  in  thb 
volume^ 
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Basal  tes.     In  Schriften  der  Naturforsh  Gesel- 

b^ft^u  Halle.     1819. 

[Gives  an  account  of  the  EyfelVolcanos.    See  also  the  Numbers  of  hit 
**  Teutchland  geologish-geognostich  dargestelt."] 

Steininger Geognostiche  Studien.     1819. 

Erloschenen  Vnlkane  in  der  Eifel.     1820. 

Neue  Beitrage.     1821. 

Gebirgskarte.     1822. 
{Various  Memoirs  in  the  work  entitled  *<  Das  (^irge  in  Rheinland 
Westphalen,"  edited  by  Professor  Ndggerath  of  Bonn,  4  Volumes  of 
ivhich  are  now  published.  ] 


4W  l4M$if  WorUr 


«  ■    «        m 


LeoDhard Taiehenboch  for  1823,  giTM  an  scoonnt  of  tbe 

Rocki  of  BiiigftWy  aad  those  iiear  Conituce. 
BcmA in  the  Aonales  des  Scieneet  Naturelles  for  Avgut 

l9Mj  gives  aa  accoant  of  the  same  rocks. 
'SansBure in  the  Joamal  de  Phjslqae  YoL  44j  hadato 

treated  of  them. 
Ptctet has  inserted,  in  the  Traosactions  of  the  <^  Societe 

d'Histoire  Natnrellc  of  Geneva,''  a  short  notice 

respecting  the  same  conntrj. 

*  Rasoomo&kj  in  the  Bergmannisches  Joomal.     YoL  Y*  p.  188. 

lias  spoken  of  tliem. 
*¥nedenman  •^(Yol,  YI.  of  the  same  work)  has  commented 

npon  the  foregoing  paper. 

*  Heller  in  Moll's  Annal.  der  Berg,  and  Hottenkiinde.    Yol.  1. 

[On  the  Rhoogebirge] 

*¥oigt Beschieibnig  des  Hochstifts  Fold.     1783. 

[  Relates  to  the  Rhongebirge.  ] 

*  Voigt Mineralogischen  Reisen  von   Weimar  fiber  dea 

Tharingerwald,  Rhongebirge,  Sec*    2  Vol.  8vo. 
1802. 
Voigt Kleine  Miner.  Schriften.    Weimar*     1802. 

[Relates  to  the  BaitalUof  Hestia,] 

*  Jacob  and  Hoff.  Der  Thoringerwald  f  iir  Reisende  gesciiildert 

2  Vols.    Gotha.  1807—1812. 

[Gives  an  account  of  the  Basalts  on  the  S.  W.  side  of  Thuringerwald.] 

Sartorius Die  Basalte  Ton  Eisenach.     1802. 

[Contains  the  first  notice  of  the  curious  Dykes,  mentioiied  p.  71.^72.1 

Geognostiche  Beobacht,     Eisenach.     1823. 

Nachtrag.    1 823. 
[All  these  Memoirs  relate  to  the  Basalts  about  Eisenach.  3 

*  Hoff Magazin    der    Berlin,   Geseilschaft    Naturfon- 

chender  freuode.   5th  year.    p.  347.    on  the 
Blaue  Kuppe  near  Eschwege. — with  a  plate. 

See  also  De  la  Beche's  Geological  Memoirs. 

Ditto  on  the  Dyke  of  Borsel  near  Eisenach.  Same  work  7th  yeaft 

*  Leonhard  ....  Tascbeubgcb  for  1822. 

[Gives  an  account  of  the  Rocks  about  Hddelburg,] 


, 
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*  Scnbler in  the  ^rtemb.  Jahrbucher  for .  18i3. 

[Gives  an  account  of  the  Basalts  of  Wirtemborg.^ 


Hessia  and  the  neighbourhood  Parts. 
Raspe on  some  German  Volcanos.    London.  1776< 

[Relates  to  the  Hahichwald  near  Cassel. ] 

*  Schaub BeschreibuQg  des  Meissners  in  Hessen.  1799. 

*  Catalogue  des  Min,  du  pays  de  Cassel.     1808. 

*  Reiss .  • Beobacht.  iiber  einige  Hessische  Gebirsgegende. 

Berlin.     1790, 

*  Becher iiber  die  Nassauiscbe  Gegende.     1786. 

[Gives  an  account  of  the  singular  Porphyries  associated  with  Clay  Sla^ 
about  Dillenburg.] 

*  Klipstein  ....  Miner.  Briefen.  Giessen.     1779 — 1784< 

[Relates  to  the  Vogelsgebirge.] 


I* 


Fjcbtelgesirgb. 

Flurl Beschreibung  von  Baiem.     1799. 

*  Goldfass  and  Bischof.  Beschreibung  der  Fichtelgebirge. 

...  » 

SjtXOXY. 

Charpentier  ....Min.   Geographic  der  Chursachsischen  landes. 

Leipsic.  1778. 
Daubuisson  ..  ..on  the  Basalts  of  Saxony. 
[Translated  by  Neill.    Edinbui'gh.  1814.] 

SiLESIJi. 

Von  Buch on  the  Enirirons  of  Landeck. 

[Translated  by  Dr.  Anderson.  1810.     Pronounced  to  be  the  best  Essay 
in  Mineralogical  Geography  that  had  appeared  in  Germany.]  ' ' 

*  Oehnhausen  ..Versuch  eincr  geognostichen  Beschreibung  Ton 

Obersilesien.  8?o.     Essen.  1822. 

BOHEMISI. 

*  Reass  •••••..  .Samrolung  Naturhist.     Aufsatze.    1795. 

Min.  &  Bergmann.  Bemerk.  iiber  Bohmen.  Ber- 
lin. 1801. 


us  Zistof  fFarks. 

*  Reuss.  ,.••••  .Orographie.  des  Nordvr.    Mittelgeb.    Dresden. 

1700. 
Miner.  Greographie  von  Bohmen.    2  vols.   4to. 
1723—4. 

*  Lindacher  . .  .in  Sammlung.  Plijs.  Aufsatze  von  Mayer*    179}. 

-    [Shews  the  Volcanic '  origin  of  the  Basalt  of  Wolfsberg  in  the  Circle  of 
Pilsen.] 

HUNGMRY^    TnjtNSYLFJiNJA)   StYRIAj   BanNAT. 

• 

Fridwalozkj  . . .  Mineralogia  magni  Principatus  TransyWanias 

Claudiop*     1767. 

'^opoli Crystallographia  Hungarica.     1776. 

fiom Briefe.     Dresden.     1774. 

[Also  translated  into  French.    Relate  to  the  Bannat  of  Temeswar. ] 

Fichtel Min.  Beitrage  von  Siebenbnrgen.    1780. 

Bemerkungen  iiber  den  Karpathen.     1791. 

Ferber Abhandlungen  iiber  die  Gebirge  in  Ungarn. 

1780. 

Bredetzki Beitnlge  zur  Topographic  von  Ungarn.     3  vols. 

8vo. 

Bachholz Reise  anf  die  Karpatischen  Gebirge.  Ungrisches 

Magazin.     torn.  4.  1787. 
[The  same  Au^or  published  anonymously  another  Description  of  the 
Carpathians,  with  some  remarks  on  Hungary.     1783. 

Townson Travels  in  Hungary.    4to.     1797. 

Esmark Bescreibung  eincr  Reise  darch  Ungarn.    1798. 

[Represents  the  Trachytes  of  Hungary  as  of  aqueous  origin.] 
Asboth Reise  von  Keszthely  nach  Vesprim.  Wien.  1805. 

[Relates  to  the  Basalts  of  Lake  Balaton.] 

Leonhard's  . . . .  Tascbenbuch  1816.    p.  413.     Memoir  on  some 

parts  of  Hungary  by  Jonas. 

Ditto 1813—1815—1816  —  1817—  1819—1820,  for 

different  Memoirs  by  Zipser. 
Zipser has  also  published  ^'  a  Manuel"  of  the  Mine- 
ralogy of  Hungary.     (Edenburg.  1817. 
Bright .........  Travels  in  Hungary.     4to.    1818. 

[Chiefly  Agricultural.] 

On  the   Hills  of  Badacson,   &c.      Geological 

•  •  

Transactions  for  1819. 


On  the  Volcanos  ofltali/.  ^99 

Beudant Voyage  en  Hongrie.     3  Vols.  4to.    Paris.  1822. 

[An  excellent  work,  but  would  have  been  benefitted  by  compression.] 
Von  Bach Transactions  of  the  Berlin  Academy  for  1818 — 31. 

[On  the  Volcanos  of  Styria.] 


ON  THE  VOLCANOS  OF  ITALY. 

Venetian  States. 

Arduini  . . .  i . . .  His    obserTations  on  the  Euganean   Hills  and 

Vicentin,  in  which  their  Tolcanic  origin  is 
asserted,  were  first  published  in  \705. 
Other  publications  of  his  appear  in  the  Saggi 
Scientifici,  &c.  dell.  Academia  del  Padova, 
and  in  the  Atti  dell.  Academia  di  Sienna. 
1760—61. 
He  also  published  1774  ^^Soggio  Mineralogico 

di  Lithogonia  and  Orognosia."  Padova.    4to. 
A  German  Translation  of  some  of  his  works  ap- 
.  peared  at  Dresden  in  1778,  entitled  <^  Sandm-. 
lung  Mineral.  Abhandlungen." 

Salmon *on  the  Euganean  Hills.    Journal  de  Physique. 

Vol.  53. 

Strange Phil.  Trans.     Vol.  65.  for  1775. 

Fortis Memoires  pour  servir  a  PHistoire  Natiirelle  de 

ritalie.     Paris.  1802. 
[Relates  to  the  Vicentin,  which  he  shews  to  be  of  Volcanic  formation.] 

Brongniart Sur  les  Terrains  calcareo-trappiens  du  yicentin. 

1823. 

[Relates  chiefly  to  the  Shells  contained  in  the  Tertiary  Rocks.] 

Maraschini Saggio  Geologico  sulle  Formazione  delle  Rocce 

del  Vicentino.     Padova.  1824. 

[The  most  complete  account  that  has  appeared  of  this  country,  since 
Geology  has  assumed  its  present  form.] 

Fleurian  de  Bellevue.     Joum.  de  Phjs.  1790. 

[Maintains  the  igneous  origin  of  the  Rocks  of  Grantola.] 

Pini sul  alcuni  Fossili  singolari  della  Lombardia.  1790, 

[On  the  Rocks  near  Grantola.] 

Gautierl Confutatione  dell.  opin.  di  alcuni  Mineralogistp 

sulla  Vole,  di  Mont,  di  Grantola.     1807. 
Follini Descriltioiie  del  Monte  Baldo. 


4(fft^  .       Lit^fToriM..  .,   > 


Tirglobi  Touetti'Relatione  del  Viaggi  in  Toicana^     Fireofte. 

tfols.  8fo. 
[TIm  same  tnntUted  into  Fnadi.  Puuu    17M. 

Ferber UbCoire  Natiirolle  d'ltelie.     Tradmt  ptr  Dfe* 

trieh.    Straslmirg.  1778. 

[Tnntlated  into  BngUsh.    ITTt.] 

8»nti  .^....Viaggid'HistoriaNatande.  3VoIi..Fiift.  1795-lXk 

[The  Utt  Volume  leUtes  to  die  Ifoate  Ammte,    Tlie  uuoe  in  VnaA, 
Lfons.    180S.] 

Gnelln  • .DlNeit.  dl  Hanjne*    Heidellnirg.  1816. 

'     (GivwaMapoftlMCiatenabowt  AiUnc] 

Kephaiidet.....IldM  dorch  Italiea  *  SicilieD.     9  Vols,  witk 

Maps.  1818.  8vo.  Leipaie^ 

Brocchi CoDcJi.  SobappeDloiuu    4to.    Vol.  2.  Mfhm. 

Catalogo  Ragfonato  di  mnm  Racoolta  di  Rocce. 

MUaoo.  1817. 
8«olo  di  Roma.    18Sa 
Maaaid  dl  Groje  sar  le  Fam:  di  Bangasio.     Jonrn.  de  Vhju 

Vol.  85. 
Pryitanowsky  ..ttber  die  unpmng  der  Yolcaoen  in  ItalieO' 

Berlio.     1823. 
[There  are  also  Mrerai  Memoirs  by  Brooohi  and  others,  in  the  Bibliolecft 
Italiana,  on  central  Italy.] 

Southern  Italy. 

Sorrentino  ....  «Istoria  del  Vesuvio.    Napoli.     1734. 
Duca  del  Torre  Istoria  e  Fenomeni  del  Vesnido.     1755—1768. 

4to.    Napoli. 

Gioeni Litologia  Vesa?iana. 

Sir  W.  Hamilton.  Campi  Phlegraei.    Naples.     1770.     Fol. 
SupplemeDt  to  Ditto.     1770. 

[First  published  in  the  Philosophical  Transactions. 3 

Dolomieu sur  les  lies  Ponces.     17^8. 

Breislac Voyages  en  Campanie.    2  Vol.  Sto.     1801. 

Yon  Bnch Geognostiche  Reise.     Berlin.      1809. 

[Vol.  2nd  relates  to  Rome  and  Napl^.] 

Menard  de  Groye.  Jonrn.  de  Pbjs.   Vol.  80.  on  the  Eraptkn^ 

181 8,  &c. 


f 


On  the  Volcanos  of  Italy.  tOl 

Lippi Sotteraneo  di  Pompeo  e  di  Ercolaoo.     Opem 

delle    alluvioni,    e  -non  dell    Erurzione    del 

Vesuvio.     iai9. 

Odesleben Reise  in  Italien.    2  toIs.  189U 

[Relates  to  Naples,  Rome,  and  the  Euganean  Hills.]  .  . 

Necker sur  le  Monte  Somma.    In  the  Transactions  of 

the  Natural  History  Society  of  Geneva*  Vol.  2. 

Geological  Transactions.  Vol.3.  On  the  Dykes  of  ditto. 

Monticelli  &  CoTelli  Storia  di  Fenomeni  del  Vesuvio.     Napoli* 

1823. 

Gothe zar  Naturwissenschaft.     2nd    vol.  contains   aa 

account  of  the  Geological  Phaenomena  pre* 
sented  at  the  temple  of  Pttzzuoli. 

Canonico  de  Jorio — A  pamphlet  on  the  same  subject. 

-[See  also  sundry  Papers  by  Brocchi  and  others  on  this  part  of  Italy-— 
especially  on  Mount  Vultur  and  the  Lago  di  Ansanti.] 


Brydone Travels  in  the  Two  Sicilies.     1774. 

Borch Mineralogia  Siciiiana.     1780. 

Lettres  sur  la  Sicile  &  sur  Malte.     Turio.  1782* 
2  vols.  8vo.  with  a  volume  of  plates. 
Spallanzani  ....Voyages  dans    les  deux  Siciles.      Traduits  de 

ritalien.    6  vols.  8vo.    Paris.  An.  8.  <l80a) 

Recupero Storia  Naturale  dell'  Etna.    2  vols.  4to.  Catania. 

1815. 

Ferrara Campi  Flegrei  delta  Sicilia.     Messina.  1810. 

Descrizione  dell'  Etna*     1818. 
Memorie  sopra  il  Lago  Naftia^  e 

sopra  I'Ambra  Siciiiana.    1805. 

sopra    i.  Tremuoti  della     Sicilia    in 

* 

Marzo.  1823. 
Gemellaro Giornali  dell'  Eruzione   dell'  Etna  avvenuta 

1809.     Catania.  1816. 
80|^  alcuni  pezzi  di  Granito,  &c.  trovati  presso 

ajia  cima  dell', Etna. 
*  Moricand  . .  •  .Observ.  Geognosliques.    Journ.  Britann.     1819. 

Translated  ia  Gilbert's  Annals.     1820. 


46i  last  of  Works: 

Brocchi in  Bibl.  Italiaoa.  Vol.  20.  on  the  Cyclopean - 

Rocks. 

Goarbilloa Voyage  a  TEtna.  Paris.  1820. 

Sajve Voyage  en  Sicile.  1822. 

Smith Tour  in  Sicily.    4to.    1824. 

[ Little  on  Geology.  ] 

Danbeny Sketch  of  the  Geology  of  Sicily  in  the  Edin- 
burgh Philosophical  Journal.  1825  ;  and  in 
Silliman's  American  Journal.    1826. 

LiPARi  Islands. 

Polomieu silr  les  lies  di  Lipari.     1783. 

See  also   Spallanzani,  Voyages  dans  les   deux 
Siciles.     Ferrara  Campi  Flegrei^  &c« 


ICELAND. 
Von  Troll Letters.     London,  1770. 

[Giving  an  account  of  Sir  Joseph  Bainks's  Journey.] 

Olafsen Reise  durch  Island  (Teutsche  Ueberset^) 

Kopenhagen.    1774. 
Sir  GJM[ackenzie.  Travels.     Edinburgh.     4to.  1811. 
Hook er . . . .  . .  .Recollections,  2  toIs.  8to.     1813* 

Henderson Residence  in  Iceland.     2  vols*  8to.     1819. 

Garlicb Iceland  rucksichlich  seiner  Vulkane.     Freiburg. 

1819,  8?o. 
Menge Edinburgh  Philosophical  Journal^  yoI.  2. 

GREECE,  TURKEY,  AND  ARCHIPELAGO. 

Toumefort. . . .  .Voyage  in  the  Levant.    2  Vols.  4to.     London. 

1718. 
Philosophical  Transactions  for  1707.    Island  of  Santorino. 
Choiseul  Gouffier^ Voyage  Pittoresque  de  la  Grece.    2  Vols,  folio. 

Clarke Travels  in  various  parts  of  Europe^  Ist  volume. 

Dodwell Travels  in  Greece.    4to.  1815. 

Andreossi Voyage  a  Pembouchure  du  Mer  Noire.     Paris. 

1818. 


On  the  Volcanoi  of  Africa.  463^ 


AFRICA. 


Von  Buch  ....  .in  the  Transactions  of  the  Academy  of  Berlin  hstf 

given  remarks  on  the  Canary  Islands,  espe-^ 
cially  Lancerote,  (Ann.  1818 — 19.) — Tene- 
riffe  (Ann.  1820—21.)* 

Bory  St.  Vincent  Voyage  aux  lies  d'Afriquc.    3  Vols.  4to,    Parisr. 

1804. 

[On  the  Isles  of  France  and  Bourbon.} 

jyr,  Webster  . .  .Boston,  1820.    Acconnt  of  the  Azores. 

Ehrman Weimar,  1807.     On  St.  Helena. 

Beatson^s Tracts  on  St.  Helena.  4to.    London.    1816. 

Annales  des  Mines,  1824,  gives  some  account  of  basalts  in  Sene- 
gal, from  the  observations  of  a  Frenchman  wh# 
died  there> 

Bowdieh..#. . .  .in  his  Posthnmous  Work,  London,   1825,  has 

given  the  most  recent  g^logical  description 
of  Madeira  and  Porto  Santo. 
See  also  Humboldt's  Personal  Narrative,  Vol.  1« 
for  Teneriffie. 


*  Whilst  this  sheet  was  going  through  the  press,  I  saw  for  t^e  first  time  a 
later  and  more  complete  publication  of  Yon  Buch's,  entitled  '*  Physicalische 
Beschreibung  der  Canarischen  Inseln,"  published  at  Berlin  in  1825  in  1  Vol. 
4to,  with  a  Folio  Atlas  accompanying  it.    This  work  appears  to  contain  the 
substance  of  all  his  Memoirs  above  referred  to,  together  with  a  great  deal  of 
nen^  matter.    I  regret  that  I  was  ignoirant  of  the  existence  of  such  a  woilc 
whilst  engaged  in  drawing  up  the  materials  of  my  Third  Lecture,  as  this 
Geologist  has  in  the  latter  part  of  his  publication  given  many  interestiiig 
details  with  regard  to  Volcanos  in  other  parts  of  the  world.     I  may  instance 
particularly  his  account  of  the  Volcanic  Islands  in  the  Grecian  Archipelago, 
as  containing  some  facts  to  which  I  could  not  ha\^  access,  as  they  were  com- 
municated by  an  rntelligent  naturalist,  (Signer  Parolini '  of  Venice)  who  ht» 
ne\  er  published  any  account  of  his  observations  in  those  parts  of  Europe. 


4M  LUi  of  Works. 

ASIA. 

No  works  ttrictly  Geological.    Hie  TnwtHu  which  contain  most  infonnatio 
on  the  physical  structure  of  this  quarter  of  the  Globe,  are, 

Abjibisij  SrRiiy  Asiz  MinoRj  Psrsiz, 

Nkbohr  • Betclnreilnuig  tod  Ambieo.     Copenhagen.  1779 

4to. 

[TransUted  into  Frensh  1773.] 
SMtini  ..•..•..  Voyage  de  CoostaDtinople  k  Bassora,  en  1781. 

[Translated  from  the  Italian.  1 

^Sestini Briefen  uber  die  Vnlkane  Ton  Sjria  iind  Meso* 

potamia,  in  the  Deotschen  M^rcon 
Yolney Voyage  eo  Sjrie  and  Egypte.    3d  edition.  Parii 

1800. 
Olififer Voyage  dans  TEmpire  Othoman.     3  Vols.  4to 

1807. 
MoHer  •....•••  Jonraey  through  Persia.     9  Vols.  4to.  1808—9 
Seetzen Researches,  published  nnder  the  title  of,  A  Brie 

Account  of  the  countries  adjoining  the  Laki 

Tiberias,    the    JordaD,    and    the   Dead  Sea 

London,  1810. 
Also  in  Zach's  Correspondence,  Vol.  13,  p.  551 

Vol.  18,  p.  426. 
Buckingham  . .  .Travels  in  Palestine.     1821. 
Burckhardt  . . .  .Travels  in  Syria.     1822. 


CAUCASUS. 


Pallas Travels  in  the  Russian   Empire.     5  Vols.  4to 

1788. 
Reineggs  ......  Beschreibung  des  Kaukasus.    Gotha  und  St.  Pe 

tersburg,  1796. 

Klaproth Reise  in  dem  Kaukasus.  Halle  und  Berlin.  181^ 

Engelhardt  &  Parrot,  Reise  in  dem  Rrym  und  Caucasus.    Beriio 

1825. 
Sir  Ker  Porter.. Travels  in  Georgia,  4to.     182^ 
See  also  Toumefort^  Clarke,  and  others. 


/ 
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ISLANDS  OF  ASIA. 

KraskenlnicolF*  .History  of  Kamscatka  and  the  Kurule  Isles, 

[Tfanslated  from  the  Russian  into  French  17G7.] 

MarsdeD Sumatra.  3d  edition.     1811* 

Sir  S.  Raffles  . .  .Java.    2  Vols.  4to.    London. 

Kotzebue Voyage  of  Discovery  during  the  years  1815 — 18, 

[Tran8late4  into  English  1881,  ] 


SOUTH  SEA  ISLANDS. 

Forster » Obsenrations  during  a  voyage  round  the  world* 

London,  1778. 

Ellis. Tour  in  the  Sandwich  Islands.     1 826. 

Von  Buch On  Van-Diemen's  Land,  in  the  Magazin  der 

Naturforschender  Freunde  zu  Berlin. 
See  also  Capt.  Cook's,  Bligh's,  Dampier's,  Vancouver's,  and  La 

Billardiere's  Voyages. 


AMERICA. 


Molina Histoire  Naturelle  de  Chilis 

Humboldt  ....  .Political  Essay  on  New  Spain. 

Personal  Narrative. 

Essai  sur  le  Giseraent  des  Roches, 


ANTILLES. 

Torrubia .......  Historia  Naturale  d'EspanSla.    Madrid.  1 754. 

Dauxion  Lavaysse  Voyage  a  I'lle  de  Trinity. 

Le  Blond Voyage  aux  Antilles. 

Nugent in  the  Geological  Transactions,  vol.  1.  old  series, 

and  vol.  1.  new  series. 

Cortes Journal  de  Physique,  torn.  Ixx. 

Moreau  de  Jonnes,  Statistique  des  Antilles.    Paris.  1833. 

2  G 


466  LUi  0/  Worki. 


WORKS  ON  EARTHQUAKES. 

Beuthar Compendiuiii  Tememotiiiiiii.    Stnslnu^*  1801. 

Beraherti Temraiotai  (a  Raster  of  Ewttqaakes). 

Nunibeig.    1016. 

Dr.  Yincenio  BiagiMd..Notiil«  iitoiidie  d^  TemmotL 

Ntpoli.    1688. 

A  ChfODologictl  and  Historical  account  of  Baiiiiqiiakes. 

SeTfiurtli  ..••..  •  Allgemeine  Geschichte  der  Eidbeben. 

Leipsic.    1756* 

Bertrand Hemoiiei  Hurtoriqnes  sor  las  TremUeiiieoB  de 

Terre.    La  Haje.    1757. 

Bertlwlon Jowtial  de  Phyiiqiie.    Tom.  14. 

Vlfenxio Iitoria  e  teoria  de  Trenmotl  afvcnuti  nella  Flit- 

Tinda  della  CahOnlay  dec.  di  1783—87. 
NapoU.     1788. 

Cotte  •  •  V iTMma  Chronologize  doa  principaiiz  pheno- 

inenes  mcteorologiqaet  obiertia  en  difieraiii 
pays  depnifl  33  ans.  &c*  <^  Joamal  de  Phy- 
sique.   Tom.  65." 

The  London  Philosophical  Transactions  contiun  several  Memoirs 

on  Earthquakes  by  Dr.  Stnkeley  and  othen, 
especially  about  the  middle  of  the  last 
century. 


FINIS. 


ERRATA. 


P«  60,  line  3  from  the  bottom,  insert  ^  may"  before  <<  be." 
81,  line  15,  for  '*  contain,"  rtad  *^  contains." 

107,  line  14,  fw  «  Remebyel,"  read  <<  Remetzel." 

110,  line  8  from  the  bottom,  /m*  «<  GiAb*,"  tmA  Giitsb" 

146»  note,  Jor  «« Reishe,"  reoii  <«  Reiake." 

155,  line  9  from  the  bottom,  leave  out  <*  their." 

160,  line  7  from  the  bottom,  /br  **  sulphurous  and  muriatic  add  gases,  the 
former  chiefly  produced  during  a  period  of  calm,  the  Utter  at,  and 
immediately  subsequent  to,  an  eruption,'*  tttA  **  mmfatic  and  sul- 
phurous add  gases,  the  finrmar  (produced  chiefly  at  tiie  commence- 
ment, the  latter  during  the  later  periods  of  an  eruption." 

812,  line  15,  leave  out  <<  Persian  Galph." 

221,  line  10,  /or  «  one,"  rtad  *<  our." 

260,  line    5,  frr  «<  last  year,"  rsod  «  the  year  before  latt." 

264,  line  15,  Jor  <<  phonolite,"  rtad  <<  clinkstone." 

do.    line  3  from  the  bottom,  dele  <<  long." 

272,  note,  for  «  ause,"  rwd  «  aux." 

314,  line  5  from  the  bottom,  for  "  composed  in,"  rtad  «  composing." 

327,  line  last  but  one, /or  «  Hawaiah,"  rtad  "  Owhyhee." 

362,  line  ]0,ybr  <<  proceeding,"  rtad  <<  preceding." 

367,  line  8  from  the  bottom,  for  "  Gay  Lussac,"  rtad  <<  Arago." 
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